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1.0  INTRODUCTION 
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There  has  been  e  considerable  amount  of  work  done  over  the  last  25  years 
dealing  with  the  subject  of  sonic  boom.  The  purpose  of  this  report  is  to  help 
preserve  this  work  and  avoid  duplication  of  future  studies  by  caviling  in  one 
document  individual  annotated  capsule  suaaaries  of  all  published  sonic  boom 
investigations.  Each  capsule  summary  contains  a  cce?>lete  reference  for  the  paper, 
a  statement  of  the  purpose  of  the  work,  «  summary  of  significant  findings,  a 
comparison  of  the  paper  with  other  similar  papers,  and  an  evaluation  of  the  paper. 
The  capsule  summaries  have  been  grouped  into  thirteen  separate  subject  areas  and 
are  ordered  chronologically  (except  for  several  papers  at  the  end  of  each  section) 
within  each  subject  area.  Each  capsule  susaary  contained  in  this  volume  is  num¬ 
bered  with  the  subject  abbreviation  and  a  sequential  number.  For  example,  capsule 
sunnary  AR-12  would  be  the  twelfth  eons;x:utive  paper  in  the  Animal  Response 
section. 

The  following  bibliographic  sources  were  consulted  in  compiling  the  list  of 
papers  to  be  included  in  this  document: 

1.  BIBLIOGRAPHY  CH  SONIC  BANGS 
Jill  Wadsworth 

Royal  Aircraft  Establishment 5  Library  Bibliography 
No.  287,  January  1968 

This  source  lists  478  references  involving  aU  aspects  of  generation, 
propagation,  and  response  to  sonic  booms.  Sources  consulted  in  making 
this  bibliography  were  R.A.E.  Library  subject  catalogue,  NASA  STAR  1962-67, 
International  Aerospace  Abstracts  1962-67,  Engineering  Index  1955-6?, 
British  Technology  Index  1962-67,  Ministry  of  Aviation  R  and  D  Abstracts 
196.3-67,  F.A.A.  "Sonic  Boom  Bibliography,"  October  1966.  T.D.C.K.  * 
(Netherlands)  "Sonic  Boom  Literature  Survey,"  May  1966  (T.D.C.K.  45316), 
Ministry  of  Aviation  TOL  "Noise  Bibliography"  to  1967  and  R.A.E.  Library 
S.S.T.  list  1967. 
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i.  THE  EFFECTS  OF.  SONIC  BOOM,  A  HANDBOOK  FOB  THE  CIVIL  ENGINEER  j 

John  H.  Wiggins,  Jr,  j 

Prepared  for  the  Air  Force  Institute  of  Technology  | 

3 

Wright-Pa tte rs oa  Air  Force  Base,  Spring  1969*  3 

S 

>1 

I 

This  notebook  contains  a  chronological  bibliography  of  sonic  boom  work  ! 

which  lists  446  references  from  1946-1968.  I 

3.  SUBJECT  CARDS  AND  AUTHOR  CARDS  FOR  PUBLICATIONS  RETAINED  IN  THE  FILES  ! 

•  f 

National  Academy  of  Sciences,  National  Research  Council,  Washington,  B.  C,,  ; 

1971. 

This  scarce  contains  approximately  300  scale  boon  references  for  the 
period  1959-1971. 

4.  AN  i  SNOIATED  BIBLIOGRAPHY  CN  ANIMAL  RESPONSE  20  SCHIC  BOOMS  AND  OTHER 
LOUD  SOUNDS 

A  report  of  the  Subcommittee  on  Animal  Response  Committee  cn  SST-genic 
Boom. 

National  Acadeay  of  Sciences,  National  Research  Council,  Washington,  D.  C,, 

197  0. 

Approximately  4o  references  from  the  1959-1970  period  concerning  the  effect 
of  sor.ic  booms  and  other  impulsive  sounds  on  animals  are  listen  in  this 
bibliography. 


5.  BIBLIOGRAPHY  GENERAL,  PPS  NOISE  STUDY  LAW 

Zimmerman  and  Jars 
As  of  Augu ■*  t  11,  1971. 

This  bibliography  contains  95  references  concerning  laws  governing  noise 
and  sonic  bocis. 
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TRAN SPORTATI ON  NOISE  BULLETIN 

Transportation  Noise  Research  Information  Service 
Highway  Research  Beard,  Division  of  Engineering,  National  Research 
Council,  National  Academy  of  Sciences,  National  Academy  of  Engineering, 
Volume  1,  Number  1,  October  1971. 

This  bibliography  contains  over  200  references  on  sonic  boom  studies 
for  the  1969-1971  time  period, 

NASA  STAR  and  INTERNATIONAL  AEROSPACE  ABSTRACTS 

These  sources  were  used  to  obtain  references  in  the  1971-1973  time 
period. 

The  bibliographies  of  various  NASA  Technical  Notes  and  other  papers 
were  also  scanned  to  assure  that  the  list  of  references  was  complete. 

otal  of  approximately  65c  papers,  which  were  drawn  from  the  above  ref¬ 
lets,  are  sunariced  in  this  document. 
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2.0  GENERATION 
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0-1 

LlKEARlOtD  SWERSOHIC  FUV 

'..'a  11  acc  D.  !k*ycs 

T'r.sis.  Cal.  Inst,  ot  Tech.,  194? 

AI!S  Report  ‘to.  GS2,  Reprinted  October  196B 

This  thesis  deals  with  t!ie  study  and  development 
of  linearized  supersonic  theory,  and  with  the 
application  of  the  theory  to  various  examples. 

The  aain  contribution  to  sonic  bees  theory  is  the 
"supersonic  area  rule."  This  is  the  rule  which 
allows  an  arbitrary  2-P  shape  to  be  represented 
by  an  equivalent  body  of  revolution. 

The  "supersonic  area  rule'  is  a  result  of  the 
following  physical  concepts.  Consider  a  non- 
axis;™*  trie  body  aligned  jarallel  to  the  2-axis 
in  a  cylindrical  coordinate  system,  where  in  this 
case  Z  is  a  tine  variable. 

An  observer  at  a  given  value  of  r  and  8  will  be 
affected  by  all  points  la  the  upstrejvs  Bach  coco 
free  that  point.  The  upstream  Mach  cones  represent 
surfaces  of  coincident  signals;  disturbances  free 
all  points  of  a  con*  arrive,  simultaneously  at  the 
point  cf  the  observer,  Hhen  the  observer  is  a  large 
distance  from  the  body,  the  surface  of  the  cone  in 
the  vicinity  of  the  body  can  be  approximated  fcy  a 
plane.  Since  disturbance*  from  all  points  of  the 
plane  arrive  simultaneously,  it  i*  impossible  for 
the  observer  to  distinguish  between  the  influence 
of  different  points  of  the  plans.  For  this  reason, 
these  disturbances  can  all  be  concentrated  at  the 
intersection  of  the  plane  with  the  body  axis  and 
still  exert  the  same  effect  on  the  observer.  A 
system  of  parallel  cutting  planes  can,  therefore, 
be  used  to  find  a  linear  distribution  of  sources 
and  sinks  which  represent*  the  body.  These  sources 
and  sinks,  in  turn,  define  an  equivalent  body  of 
revolution.  Ar.  observer  at  a  different  value  of  $ 
will,  in  general,  see  a  different  equivalent  body 
of  revolution  due  tc  the  fact  that  the  cutting 
planes  will  intersect  the  nor.-asisymietric  body 
from  a  different  angle,  for  a  good  illustration 
of  the  ideas  of  this  paragraph  see  capsule  sun- 
tsary  G- 5. 

Hayes*  purpose  in  deriving  this  rule  was  that  it 
allowed  the  wav*  dreg  cf  an  arbitrary  btrfy  to  be 
determined  by  computing  the  wave  free  ur  the 
equivalent  linear  distribution  of  singularities. 

The  utility  of  this  ru.l*  in  sonic  boom  calcula¬ 
tions  lies  in  the  fact  that  it  enables  one  to  use 
Vhi  then's  theory  (see  capsule  s-ajrary  G-J) ,  which, 
in  general,  applies  only  to  bodice  of  revolution, 
to  find  the  flow  field  characteristics  around  any 
body  shape. 

The  rest  of  the  thesis  gives  a  complete  treatment 
of  linearized  supersonic  flow  beginning  with  the 
fundamental  theorv  and  then  dealing  with  the  topic* 
of  planar  systems,  wing  theory,  wave  and  vortex 
drag,  and  flow  about  bodies  of  revolution. 

Uxiax  (capsule  suamary  C—S)  and  Walk  dec  (capsule 
s<jasutry  G-6)  later  rake  good  us*  cf  the  area  rule. 
Lccax  uses  It  to  find  the  wave  drag  of  an  arbi¬ 
trary  lifting  or  non-lifting  body,  and  lielkden 
uses  it  to  find  the  shock  pattern  of  a  wing-body 
combination. 

This  thesis,  along  with  Sihithao’s  paper,  "Tim 
Flow  Pattern  of  a  Supersonic  Projectile,"  provides 


the  complete  basis  for  the  theory  needed  to  calcu¬ 
late  the  sonic  boom  Joe  to  vol>j*.e  of  any  body  in 
a  uniform  supersonic  flow-fiaiu. 

G-2 

Eif.T-A  rises  eof.,  RnssiBUi-FUTsf  theory  mr  souir; 

ruGH?  SPEEDS 

!Ux  A.  iseaslet,  ilarvari!  Etnas,  anti  John  P..  Spreitor 

l.'ACA  Rep.  05C,  ISSO 

This  report  investigates  the  range  of  applica¬ 
bility  of  linearized  theory  for  Hash  nvelasru  near 
one.  Its  relationship  to  sonic  boom  theory  lies 
oainly  in  the  treatment  given  to  the  “area  rule.” 

The  “are*  rule”  is  referred  to  by  the  authors  as 
the  "concept  of  equivalent  source  position."  (for 
a  brief  explanation  of  Use  area  rule  sec  capsule 
sum  ury  5-1) .  The  "area  rule"  is  used  for  the 
s«*e  purpose  her*  as  it  was  by  Bayes — to  compute 
the  wave  drag  cf  ar.  arbitrary  body.  The  method  13 
slightly  different  then  that  of  Hayes,  and  the 
unique  treatment  of  the  "ere*  rale"  is  very  help¬ 
ful  ir.  understanding  this  basic  concept. 

The  r**t  of  the  paper  deals  mainly  with  solutions 
to  the  linearized  potential  equation  for  a  variety 
of  transonic  flows. 

G-3 

THE  FLOW  PATTta;  Of  A  SCPESSOKIC  TV^r' 

G.  ».  Whitha* 

CDmmunicatlons  on  Pure  and  App  1.  cn 

Vol.  V,  1952.  301-343 

In  this  paper  Uhithem  derive  :  calcu¬ 
lating  the  first  approximate  -.tire 

flow  field  surrounding  any  i  tion  in 

sqpexsooic  flight.  The  assun  .yihg  thi* 

theory  ar*  that  the  body  is  ,  pointed 

at  the  00 sc  with  the  front  ah.  _ .ached,  aow- 

ever,  even  if  these  conditions  are  not  satisfied, 
it  nay  still  be  used  to  deduce  the  behavior  of 
the  flow  at  large  distances. 

Mhithem’e  theory  is  based  upon  the  following 
hypothesis:  linear  theory  give*  a  valid  first 
approximation  everywhere  in  the  flow  field  pro¬ 
vided  that  the  characteristics  are  corrected  to 
accent  for  cumulative  non-linear  effects.  The 
reason  for  making  this  hypothesis  can  he  frond 
from  an  examination  of  the  underlying  physical 
ideas.  In  linear  theory  it  is  assisted  that  dis¬ 
turbances  are  propagated  at  a  constant  epe*d 
•quel  to  the  »p*«d  cf  sound  in  the  win  stream; 
the  effect  of  velocity  perturbations  on  the  local 
speed  of  sound  and  the  convection  of  stxrvi  with 
the  moving  fluid  is  not  taken  into  account.  Whan 
such  an  apprimcinaeicn  is  made  in  calculating  the 
propagation  of  disturbances  over  small  distances 
the  error  made  is  mull.  However,  the  error  accu¬ 
mulates  with  dlztar.ee.  To  get  s  complete  picture 
of  the  flow- field  it  is  necessary  to  use  the  iccai 
speed  of  propagation,  which  is  equal  to  the  local 
Opead  of  sound  plus  the  local  fluid  velocity.  Thus 
linear  theory  gives  the  correct  variation  of 
physical  quantities  along  the  characteristics, 
but  predicts  the  wrong  shape  for  the  character¬ 
istics,  Instead  of  the  straight-line  character¬ 
istics  of  linear  theory,  given  by  x  -  ar  *  const, 
the  characteristics  of  KW-thae's  theory  are  curved 
as  a  result  cf  the  cumulative  nonlinear  effects. 
These  corrected  characteristics  are  given  by 


iiicrc  z  is  tne  auari 


axis  f ra»  the-  nose  of  the  hed«,  r  the  »iul 
distance  frsn  tte  fcotiy,  and  o  =  O;--) , !  it  is 


important  to  note  Hat  llhitfca 
K  {3rd  not  the  t)  location  of 


jrrectn  tally  the 
:  characteristics 


To  determine  the  expression  for  y,  the  condition 
that  the  slope  of  the  characteristics  he  siieb  hy 
iif.fi Ir  «  cot  05*3)  is  used,  where  fi  is  the  local 
.'inch  nolle  and  0  is  the  local  flew  direetJon.  Thu 
quantities  p  and  0  are  functions  of  else  local  per¬ 
turbation  velocities ,  u  and  v,  which  in  turn  are 
functions  of  the  distance  tfar.  the  body  aivi  the 
characteristics  of  the  body. 

A  function  TCy)  is  defined  which  arises  naturally 
when  relating  the  body  characteristics  to  the 
flow  quantities.  This  function  is  fundamental  to 
the  theory  and  for  "smooth*  todies  (bodies  having 
no  slope  discontinuities!  is  given  hy: 

--fc  f  SW~ 


where  t  is  s  dismy  variable-  and  s(x)  is  the  crcas- 
■ectional  area  of  the  tody,  f,  some  complicated 
Stielfcjis  integral  is  derived  for  bodies  having 
discontinuities  in  slope. 

The  corrected  characteristics  are  determined  free 
the  r-fuectioo  by  the  following  equation,  which 
t*  valid  for  large  ar/v: 

* /2  >»■  a  ~~/i 

-(  «  a  -  or  »  kFfylr  where  k  *  a 

v* 

The  condition  that  ir/y  fee  large  eeans  that  the 
ratio  of  the  distance  frees  the  body  axis  to  the 
distance  fro»  the  nose  at  which  the  specific 
-characteristic  intersects  the  body  Must  to 
large.  This  is  strictly  satisfied  only  on 
shocks  and  at  large  distances  fro®  the  body. 
However .  as  Light;-:  11  points  c«t  ;««  capsule 
sstfmary  C-4) ,  this  aquation  is  a  good  *ppre*i- 
satiun  at  all  points  in  the  flow  field. 


chock  is  desired,  "his  slope,  together  with  the 
joints  at  which,  it  intersects  the  “-curve  can  he 
used  to  determine  the  strength  of  the  shock  at  a 
given  location  using  conations  derived  by 
Hhithas. 

The  expression  for  the  shock  strength  is  derived 
using  the  Kankine-IRwoniot  relations.  The  asynp- 
totic  expression  at  large  distances  from  the  tody 


tne  cow  shoes  overprassura  is: 


dZjrgWZ'.  f 

ClvU^r^4  ->o 


M;ithas*s 

Asymptotic 

Formula 


wh era  P  is  the  undisturbed  pressure  and  y  is 
the  value  of  •/  which  naximses  the  integral.  This 
is  one  of  the  cost  important  and  well-known  equa¬ 
tions  in  sonic  beer,  theory.  It  shet-s  that  in  the 
"tar- field,*  which  is  the  region  on  the  tow- 
shock  for  which  y  »  y  ,  the  tow  stock  overpres¬ 
sure  is  inversely  proportional  to  the  three- 
fourths  power  of  the  distance  frost  the  body. 

Additional  formulas  derived  hy  Hhithar.  show  that, 
in  the  far-ficld,  the  pressure  signature  takes 
the  shape  of  an  “n-wsve."  In  this  signatsaro  there 
is  ar.  initial  ressure  rise  giver,  by  the  above 
equation.  The  overpressure  than  decreases  linearly 
to  sinus  this  value  at  tbs  rear  shock,  where  it 
jusps  almost  to  zero  and  then  decays  asymptoti¬ 
cally  to  *ero. 

In  the  ’near-field"  (in  thin  region  the  effect  of 
the  tody  shape  on  the  been  intensity  is  a  variable 
dependent  upon  the  distance  iter:  the  body,  while 
in  the  far- field  the  effect  of  the  tody  shape  does 
not  vary  with  distances  the  asymptotic  formula 
cannot  to  used.  For  this  region  thiichan  give*  two 
equations  which  are  used  extensively  ir.  later 
investigation:: .  These  arc: 

,  y  ,1/2  Wifthw's 

ik  2I/-i  7tK  -1)*/S  ?  f  f-{yl  dy‘  tor.-Asyrptotic 

F  ,,1/2  3/4  -  Formula 

o  (7*11  r  o 


sfe-re  Ussy 
the  shock* 


In  regies.*  where  the  cfearactc-i  ittics  intersect  to 
fora  a  limit  line  tse  vslaes  giver.  for  the  physi¬ 
cal  quinti tics  cesm  to  to  unique,  This  breakdown 
is  ratedied  by  the  isoertten  ef  shorts  which  cut 
off  the  continuous  su.isv..-  fare  t>js  occurs  i 
the  characte titties  wet  tiw  stock  tofe-re  they 
sect  each  other,  The  or l meatier,  of  the  shock*  is 
determined  fra®  the  ch-wscteri  sties  by  the  fr.I- 
1  owing  geometrical  prepursy  fkrcun  m  the  •'angle* 
property),  which  is  a  osissi' woes  of  the  Rank  ir,r-~ 
ttojeniot  relations:  it  two  regions  of  supersonic 
flow  are  separated  by  *  shock,  then  to  first 
order  in  the  strength,  the  direction  of  the  shock 
bit-ecis  the  H*eh  directions  of  the  two  regions  of 
the  flow.  Henc-  the  shock  is  inserted  at  the 
intersection  ef  the  characteristics  so  that  it 
bisects  the  angle  of  intersection .  based  on  this 
property,  Vhi than  derives  a  geometrical  method, 
knew.  as  the  “area-baiar.eirtg*  technimw,  for 
locating  the  stocks  and  following  their  progress 
to  infinity  (ir.  •  homogeneous  atmosphere) .  Basic¬ 
ally,  this  technique  consists  of  passing  lines 
through  inflection  points  of  the  F{y)  cate  at 
which  the  slope  is  positive  such  that  the  lobes 
cut  off  to  each  aids  of  the  curve  ate  equal  In 
area,  "he  slope  of  the  line  is  determined  by  the 
radial  distance  et  which  the  location  of  the 
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tore  the  first  equation  is  the  sa»e  -as  Whithorn's 
asymptotic  formula  except  that  the  apper  limit  of 
integration  is  y  instead  of  v  .  This  mean*  that 
the  integration  is  carried  only  to  the  point  at 
which  the  characteristic  which  meet*  the  shock  at 
the  rad:  us  of  interest  int-rsc-cts  the  body,  flits 
aquatic  again  gives  only  the  tow  shock  over- 
-r- scurt  and  can  be  used  only  for  bodies  whose  F- 
f unction  have  only  or :  positive  icoe  which  con¬ 
tributes  c  the  bow  shock  overpressure.  The  S---C- 
ond  equatia.  caji  be  used  to  calculate  a  detailed 
pressure  sight  turn  and  can  be  used  in  cen junction 
with  any  F- fine  cion . 

In  the  last  see  tier,  ef  the  paper  Mhlthses  performs 
a  check  an  his  theory  by  computing  the  wave  drag 
on  a  body.  The  drag  turns  out  to  be  expressed 
very  simply  in  terms  of  the  “-function  by  the 
equation 
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The  fact  that  this  equation  can  be  reduced  to  the 
usual  von  Karman  double  integral  constitutor,  a 
very  good  check  on  the  theory. 

his-  papci  deals  only  with  the  contribution  of 
body  volume  to  the  sonic  boom.  In  a  later  pa- 
i  (see  capsule  sunmary  P-14)  Whithar.  treats 
i h»  lift  contribution  to  the  boom  strength. 

i:t  effects  are  also  treated  .ater  by  Walkden 
(  >t  i.ipsule'  siramary  G-6). 

This  is  the  most  fundamental  reference  in  the 
area  of  sonic  boom  generation.  It  also  provides 
the  starting  point  for  prcser.t-day  real-atmos¬ 
phere  propagation  theory. 

C.-4 

HIGHER  APPROXIMATIONS  III  AERODYNAMIC  THEORY 
M.  .1.  Lighthill 

General  Theory  of  high  speed  Aerodynamics,  Sect,  E 
Princeton  University  Press;  1954 

The  section  in  this  book  having  direct  appli¬ 
cation  to  sonic  boom  theory  is  section  E-6, 
entitled  "Supersonic  Projectile  Theory:  Com¬ 
plete  Flow  Pattern."  This  is  a  recapitulation 
of  Whitham's  "Flow  Pattern  of  a  Supersonic 
Projectile"  and  the  reader  is  referred  to  the 
summary  G-3  of  that  paper  for  details  of  this 
theory. 

I.ighthill's  physical  descriptions  of  various 
aspects  of  the  theory  take  a  somewhat  different 
viewpoint  than  those  in  Whitham's  paper.  For 
this  reason  it  is  a  worthwhile  paper  to  review 
in  conjunction  with  the  latter  to  obtain  an  in- 
depth  understanding  of  the  theory  which  consti¬ 
tutes  the  basis  of  all  sonic  boom  calculations. 

G-5 

THE  HAVE  DRAG  OF  ARBITRARY  CONFIGURATIONS  IN 

LINEARIZED  FLOW  AS  DETERMINED  BY  AREAS  AND 

FORCES  IN  OBLIQUE  PLANES 

Harvard  Lomax 

1IACA  RM  A55A1B,  1955 

Linear  theory  is  used  to  show  that  the  wave  drag 
of  an  arbitrary  body  in  steady  supersonic  flow 
can  be  determined  from  the  average  wave  drag  of 
a  series  of  equivalent  bodies  of  revolution.  The 
direct  relevance  of  this  paper  to  sonic  boom 
theory  lies  in  the  derivation  of  these  equiva¬ 
lent  bodies. 

Lomax  shows  that,  for  any  given  azimuthal  angle 
0,  a  body  of  revolution  which  is  equivalent  to 
the  volume  effects  of  the  airplane  can  be  found 
in  the  following  manner;  Consider  a  point  at  a 
large  distance  from  the  body  whose  azimuthal 
angle  with  respect  to  the  airplane  is  6.  Now 
consider  the  plane  tangent  to  the  forward¬ 
facing  Itech  cone  from  that  point.  The  point  of 
tangency  is  the  point  of  intersection  of  tho 
Mach  cone  with  the  x-axis.  (The  x-axis  passes 
through  tho  nose  of  the  body  and  is  parallel  to 
the  flow  direction.)  The  intersection  of  this 
oblique  plane  with  the  body  defines  a  certain 
area.  The  projection  of  this  area  onto  a  plane 
normal  to  the  free  stream  defines  another  area, 
S ((,0),  where  f  is  the  value  of  the  x  coordi¬ 
nate  at  the  point  of  intersection.  By  passing 
oblique  planes  parallel  to  the  original  plane 
through  each  point  of  the-  body,  a  complete 


area  distribution  S  {£,(/)  is  swept  out,  this 
being  the  area  distribution  of  the  eouivnlent 
body  of  revolution.  As  tho  form  of  S((/0) 
indicates,  there  will,  in  general,  be  a  lUf-j 
feront  equivalent  body  for  each  angle  0.  This 
is  illustrated  in  the  figure  below. 


Determination  of  eiiutvttlent  bod}  urea  distribution  Jor 
volume  effects 


The  body  of  revolution  equivalent:  to  the  lift 
effects  of  the  airplane  is  found  in  tho  fol¬ 
lowing  manner.  For  a  given  angle  0,  oblique 
cutting  planes  are  again  passed  through-  c!ie 
body.  Then  l(t,0)  is  defined  as  tho  lift  (the 
vertical  component  of  the  net  resultant  force, 
positive  upward)  on  a  given  section.  Lomax 
shows  that  the  rate  of  change  of  the  cross- 
sectional  area  of  the  equivalent  body  of  revo¬ 
lution  for  lift  is: 

S'(M>  1  <*,</> 

where  q  is  the  froo  stream  dynamic  pressure  an ! 

U  is  the  free  stream  speed.  The  equivalent  body 
o?  revolution  for  the  entire  airplane  in  then 
given  by  the  sum  of  the  equivalent  bodies  for 
the  lift  and  volume. 

Several  examples  are  thon  given  of  the  appli¬ 
cation  of  the  theory.  These  examples  include 
finding  the  wave  drag  of  a  plane  wing,  a  Buse- 
mann-type  biplane,  and  a  shrouded  body  of 
revolution. 

This  paper  provides  a  good  illustration  of  tho 
application  of  Hayes'  supersonic  area  rule  fo» 
both  the  volume  and  the  lift  contributions  to 
the  flow  field  surrounding  an  airplane. 

G-6 

THE  SHOCK  PATTERN  OF  A  WING-BODY  COMBINATION, 

FAR  FROM  THE  FLIGHT-  PATH 
F.  Walkden 

Aeronautical  Quarterly,  Vol,  IX,  part  II, 

May  1958,  pp.  164-194 

In  this  paper  Walkden  usee  Whitham's  thoorv  to 
calculate  the  strength  and  position  of  the 
front  shock  far  from  the  flight  path  of  a  wim- 
body  combination.  Tho  effects  of  wing  thick¬ 
ness,  lift,  and  wir.g-body  interference  are 
included . 
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It  is  assuncd  that  the  body  is  axisymmetric, 
with-  the  main  stream  direction  as  the  axis  of 
symmetry.  The  wing  may  be  inclined  at  a  small 
angle  to  the  main  stream. 

The  potential  field  of  the  wing-body  combina¬ 
tion  i.s  due  to  four  different  contributions’, 
the  potential  field  of  the  body  of  revolution, 
the  potential  of  the  symmetric  thickness  of 
the  wing,  the  potential  due  to  lift,  and  the 
interference  potential  between  the  wing  and 
the  body.  Walkden  looks  at  each  of  these  poten¬ 
tials  separately.  He  starts  with  the  value 
given  for  each  by  linear  theory  and  corrects 
it  using  Whithorn's  theory,  which  involves  re¬ 
placing  the  approximate  characteristics  of  the 
linear  theory  by  a  more  accurate  representa¬ 
tion.  Those  expressions  for  the  potentials  arc 
then  simplified  by  making  a  largo  distance 
approximation. 

In  determining  tin  interference  potential, 
Walkden  naglccts  all  interference  effects 
except  that  which  arises  from  the  flow  over 
the  wing  at  zero  incidence  a't  the  surface  of 
the  body.  To  determine  this  interference 
potential  the  component  of  velocity  normal 
to  the  surface  of  the  body  due  to  the  poten- 
tial  field  of  the  wing  is  determined,  and  an 
interference  potential  is  found  which  will 
cancel  this. 

The  component  of  the  axial  perturbation  veloc¬ 
ity  u  (x  axis  in  direction  of  flow,  origir  at 
nose  of  body)  due  to  each  of  the  four  velocity 
potentials,  O,  is  given  by  6.  Knowing  u,  t!te 
r’-functionc  of  each  of  the  four  components  at 
large  distances  from  the  body  are  determined 
from 


where  B  **  ■ 


x,  r,  0  are  polar  coordinates  and 
r(x,r)  describes  the  characteristic 


Once  the  F-functions  are  known  it  is  a  simple 
natter  to  calculate  the  position  and  strength 
of  the  shock  which  wouid  result  from  any  of  the 
four  components  by  itself  or  from  the  entire 
wing-body  combination .  The  strength  of  the  shock  is 
given  ir.  terms  of  the  F-function  by  Whitman's 
general  eguatir  (see  capsule  summary  G-3) .  An 
equation  tv  the  position  of  the  shock  in  terms 
of  the  F-functlon  is  determined  using  the 
“angle  property."  According  to  this  property 
the  shock  is  placed  at  the  intersection  of  the 
corrected  characteristics  in  such  a  manner  that 
the  angle  of  intersection  is  bisected. 

Substituting  the  appropriate  F-fur.ction  into 
these  two  equations  gives  the  strength  and  posi¬ 
tion  of  tho  shock.  The  F-fur.ction  of  the  entire 
wing-body  combination  is  merely  the  sun  of  the 
four  component  F-functions,  which  are  as  follows: 


u:t,  .  -  eg*/ 

o  ^ 


V‘t> 


AP(a,g) 

l/ZP^uJ2 


1  /*£}*> 

Wing  Thickness:  F(r,0)  j  r“£-  ; 

s2,(t)  -  2  j \  dP 


1  /sl"(t) 

Interference:  F(r,0)  -  —  J  “y— =  dt> 


s1"(t)  *  -4R(t)  h' (t) 


Body:  F (t) 


s"(t)  dt 


where  ft,/?  arc  distances  ir:  the  x-,  ’/-directions 
measured  from  a  point  on  tho  supersonic  leading 
edge  of  the  wing 

s(x,y)  «  thickness  distribution  of  the  wing 
h(x)  «  z(x,0) 

Rlx)  »  radius  distribution  of  body 

0.  and  0n  arc  the  ordinates  of  the  points  of 
intersection  of  the  appropriate  oblique  cutting 
plane  as  determined  by  the  supersonic  area  jule 
(see  capsule  summary  G-l)  and &P/ll/2pm  ) 
is  the  local  lift  coefficient. 

The  functions  s (t) ,  s, (t) ,  s, (t) ,  and  (t) 
give  the  area  distributions  of  the  bodies' of 
revolution  which  are  equivalent  to  the  body, 
interference,  thickness,  and  lift  effects, 
respectively.  The  equivalent  body  of  revolution 
for  the  entire  wing-body  combination  is  giver, 
by  the  sisa  of  these  four  components. 

The  paper  then  goes  on  to  discuss  nonunlforn 
motion.  For  these  results,  see  capsule  summary 
P-18. 

This  reference  is  an  important  one  in  generation 
theory  since,  along  with  a  paper  of  Whitham’s 
(see  capsule  summary  P-14),  it  forms  much  of  the 
basis  for  the  theory  concerning  lift  effects  on 
sonic  booms.  It  is  also  significant  for  its 
combination  of  the  results  of  Whitham  and  Hayes 
into  a  unified  theory. 


AN  INVESTIGATION  OF  SOME  ASPECTS  OF  THE  SONIC 
BOOH  BY  MEANS  OF  WIND-TUNNEL  MEASUREMENTS  OF 
PRESSURES  ABOUT  SEVERAL  BODIES  AT  A  MACH  NUMBER 
OF  2.01 

Harry  W.  Carlson 

NASA  TO  D-161,  December  1959 


9 


This  paper  presents  the  results  of  an  experi- 
nental  investigation  into  the  validity  of  the 
theories  of  Whitham  and  Kayes  (sec  capsule 
summaries  G-3  and  G-l) .  To  a  lesser  extent) 
Walkden 'g  theory  concerning  the  effect  of  lift 
on  sonic  boom  is  also  investigated. 

.‘Seven  models  having  a  variety  of  shapes  and 
sizes  were  tested  in  the  UASA-Langley  4x4  foot 
supersonic  wind  tunnel  at  a  Mach  number  of  2.01 
and  a  Reynold’s  number  of  2.5  x  10^  per  foot. 

The  relative  size  of  the  tunnel  and  models  per¬ 
mitted  measurements  at  0  body  lengths  distant 
from  five  of  the  models  and  32  body  lengths 
from  the  smallest  model.  Whitham ’s  asymptotic 
formula  (ace  capsule  summary  G-3)  for  the  bow 
shock  overpressure  was  used  to  compare  the 
measured  values  of  shock  strength  with  theo¬ 
retical  values. 

The  results  showed  that  the  voltsne-induced 
far-field  overpressure  and  its  attenuation 
with  distance  is  "adequately"  estimated  (within 
251)  by  Whitham’s  theory  (see  figure  bo lev). 

It  was  also  shown  that  nonaxisymmetrical  shapes 
may  be  replaced  by  equivalent  bodies  of  revo¬ 
lution  in  estimating  far-field  pressures,  as 
predicted  by  Hayes*  supersonic  area  rule.  A 
further  validation  of  Hayes'  theory  was  found 
in  the  dependence  of  the  equivalent  body  on 
the  azimuthal  position  of  the  field  point. 


Disione*  from  model  to  plot*  ,  & 

t 

G>mperiwn  l>(  ihtun  ami  txptriment 


In  connection  with  lift  effects  it  was  found 
that  the  lift-induced  pressures  attenuated  at 
a  more  rapid  rate  than  volwee-induced  pressure* 
near  a  wing,  hut  in  the  far  field  it  was  found 
that  lift-induced  pressures  attenuated  at  the 
came  rate  as  the  voliSM  pressures.  Lift-induced 
pressures  calculated  using  Ualkden's  theory 
showed  "useful"  correlation  with  the  measured 


The  positions  et  which  the  pressurss  were  meas¬ 
ured  were  actually  not  far  enough  from  the 
models  to  be  in  the  far-field,  as  shown  by  Kane 
in  a  later  paper  (see  capsule  a  notary  G-14) . 

This  may  perhaps  account  for  the  slight  dis¬ 
crepancy  between  measured  and  theoretical  over¬ 
pressures.  The  overall  conclusions  of  the  report 
are  still  valid,  however. 


/ 

G-8 

SUPERSONIC  Boat  OF  WIUG-BOCY  COHFIGURATIOHS 

X.  L.  nyhraiog  and  y.  A.  Yolor 

XAS  20th  Annual  Meeting  Paper  Ho.  G0-20,  Jon .  1060 

Also,  Boeing  Document  Dl-02-0034,  1959 

This  is,  basically,  a  "minimization”  paper, 
since  its  main  purpose  is  to  investigate  the 
possibility  of  reducing  the  sonic  boom  due  to 
lift  by  making  use  of  the  interference  between 
a  wing  and  body  (for  a  discussion  of  these 
results  see  capsule  swmary  M-3  in  the  "Mini¬ 
mization"  section  of  this  docuncnt) .  It  ia  also 
significant  in  generation  theory,  since  the 
experimental  results  obtained  tended  to  confirm 
the  validity  of  Walkden' 8  theory  concerning  the 
effects  of  lift  and  wing-body  interference  on 
sonic  boom  generation. 

The  author  makes  us6  of  the  expressions  derived 
by  Walkden  (see  capsule  summary  G-6)  for  the  r- 
f unction*  and  equivalent. bodies  of  revolution 
for  the  body  volvsne,  wing  volume,  lift,  and 
wing-body  interference  to  derive  a  method  of 
contouring  the  body  so  that  the  pressures  on 
the  wing  interfere  favorably  with  those  on  the 
body.  Wind  tunnel  tests  confirm  that  the  body 
designed  using  this  method  does  reduce  the  boom 
due  to  lift  (see  capsule  summary  M-3  for  an 
illustration  of  this) ,  thus  indicating  that  the 
theory  derived  by  Walkden  is  valid. 


This  was  one  of  the  first  papers  to  experimen¬ 
tally  investigate  lift  and  interference  effects 
on  sonic  boom  generation. 

G-9 

GROUND  MEASUREMENTS  OF  AIRPLANE  SHOCK-WAVE  HOISE  AT 
MACH  NUMBERS  TO  2.0  AND  AT  ALTIfSBSS  TO  60,000  FEET 
Lindsay  3.  Lina  and  Donenic  J.  Hagiieri 
NASA  TN  D-23S,  March  1960 


Sonic  boom  measurements  near  the  ground  track 
for  flights  of  an  F-B  supersonic  fighter  weigh¬ 
ing  30,000  pounds  and  one  flight  of  a  B-58 
supersonic  bomber  weighing  140,000  pounds  arc 
presented.  The  purpose  of  these  measurements 
was  to  check  tlie  theories  of  WHitham  and  Randall 
concerning  generation  and  propagation,  respec¬ 
tively. 

The  following  equr.ttw*,  which  was  pressnted  in 
NASA  Hmk>  3-4-591,  (see  capsule  suemary  S-2) 
and  which  is  a  modification  of  Whitbam's  asymp¬ 
totic  aquation,  was  used  to  predict  the  sonic 
boos  overpressure  s 


where 

AP  “  pressure  rise  across  shock  wave  at  grow 
°  level 


ICj  *  ground  reflection  fatter 
Kj  w  airplane  body  shape  facr-r 

•*  ambient  pressure  at  eir.U'jfj,  *b/sq  ft 
P  *  ambient  pressure  at  q.-u  -  I  ,1,  Ib/sq 
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v  *  perpendicular  distance  iron  Pleasuring 
station  to  flight  path,  ft 

I!  =  airplane  Mach  number 

<1  «  equivalent  body  diameter,  ft 

{  =  airplane  length,  ft 

This  equation  takes  into  account  the  effect  of 
altitude,  Mach  nunber,  and  airplane  shape  and 
length,  but  it  does  not  include  lift  effects. 

It  was  found  that  the  effect  of  Mach  nunber  on 
the  ground  overpressure  was  snail  in  the  Mach 
nunber  range  from  1,4  to  2.0,  which  was  in  good 
agreement  with  theory.  It  was  also  found  that 
there  were  only  minor  differences  between  the 
overpressure  due  to  the  fighter  and  that  due  to 
the  bccaber  for  both  at  a  Mach  msnber  of  1.5  and 
an  altitude  of  40,000  feet,  indicating  that  the 
effect  of  airplane  weight  and  length  was  not 
very  important  at  this  altitude. 

Fairly  good  agreement  was  obtained  between  the¬ 
oretical  and  measured  values  of  the  overpressures 
for  both  the  fighter  and  the  bomber,  as  shown  in 
the  figures  below,  which  were  taken  from  this 
paper. 


This  inves  i  <  •  ion  deals  with  sonic  boom  voluac 
theory,  in  a  ji-er  investigation  (see  capsule 
sumary  G-16)  Haglieri  and  Hubbard  investigate 
lift  effects  on  the  sonic  boom  using  flight 
measurements. 

This  was  the  second  attempt  to  verify  sonic 
boom  theor;.  using  flight  measurements.  The 
first  was  I  f  >'  illens  (see  capsule  suarnary  G-73). 
The  present  investigation  was  the  more  extensive 
of  the  two. 

G-10 

LIFTING  EFFECTS  III  SOI1IC  BOOM 

Boeing  Airplane  Company 

Document  Mo.  1)6-5845,  September  30,  1960 

This  document  sumarizes  the  effect  of  lift  on 
the  sonic  boom  of  an  airplane,  the  manner  in 
which  the  lift  is  related  to  the  volume  tern, 
and  the  effect  of  aircraft  design  parameters. 

It  is  basically  a  simplified,  illustrative 
version  of  the  paper  described  in  capsule  s un¬ 
wary  G-ll.  The  reader  is  referred  to  that  cap¬ 
sule  summary  for  a  brief  review  of  significant 
findings.  The  figures  below,  which  were  taken 
from  this  paper,  aumarizc  the  manner  in  which 
airplane  configuration  parameters  and  flight 
conditions  affect  the  sonic  boom  intensity. 
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This  document  is  vary  clearly  anti  concisely  written 
and  provides  a  good  quick  introduction  to  lift 
attects  and  to  the  influence  of  various  parameters  on 
tlse  far-field  asymptotic  sonic  boo#  characteristics. 
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All  INVESTIGATION  OF  LIFTING  EFFECTS  Otl  THE 
INTENSITY  OF  SONIC  BOOMS 
John  Morris 

Journal  of  the  Royal  Aeronautical  Society,  Vol.  64, 
No.  598,  Oct.  1960,  pp.  610-616 


This  paper  investigates  the  relative  importance 
of  lift  and  volume  effects  in  sonic  boom  gener¬ 
ation.  The  results  are  limited  to  steady  level 
flight,  and  the  overpressure  is  evaluated  only 
at  points  along  the  aircraft's  ground  track. 


lihitham's  equation  for  the  asymptotic  shock 
strength  of  a  body  of  revolution  (see  capsule 
summary  G-3)  is  used  to  compute  the  sonic  boom 
overpressure.  The  separate  effects  of  lift  and 
volisne  com  into  tnis  equation  through  the  F- 
f unction,  since 


F(x) 


“  r<X>vol  *  r(x)lift  ”  / 
o 


y(t> 

2# 


(x-t) 


-1/2 


dt 


where 

B  - 


(K2-I)1/2, 


«(x)  »  lift/foot  distance  along  the  wing  centerline 


t  «  distance  from  nose  of  fuselage 


x  axis  is  aligned  with  flow  direction,  origin 
et  **>9*  of  body  and  S  '  is  the  second  deriva¬ 
tive  of  tha  aircraft  (wing  +  fuselage  ♦  tail, 
etc.;  cross-sectional  area  as  determined  by  the 
sonic  area  rule  (See  capsule  siasnaries  G-l, 
S-5,  -end  G-6),  (For  further  information  on  the 
F-funetJor,  s-a  capsule  a<ms»aries  G-3  and  G-6.) 


The  contributions  o£  lift  spd  vpltsse  to  the 
overpressure  are  then  separate:!  sf.s  ~rs  pota¬ 
tion  simplified  to  give: 


-  1/2 


"v  -  0.429  KrVv  h 

“n 

(m2-i)3/0 


-3/4 
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h  =  airplane  altitude 

Pg  «  ground  level  pressure 

4a  •*  length  of  aircraft  (ft) 

Kr  a  reflectivity  factor 

*  attenuation  factor  which  accounts  for  res 
atmosphere  effects 

“  volume  shape  factor 

«  lift  shape  factor 


Ky  depends  cnly  on  the  shape  of  the  body  end 
not  on  its  length  or  fineness  ratio.  Far  prac¬ 
tical  airplane  shapes  Ky  should  lie  between  the 
approximate  limits  1.5  ~  2.0.  K  varies  in  prac¬ 
tice  between  1.4  -  1.63.  L 

In  order  to  take  into  account  lift-volume  inter¬ 
action,  the  complete  F-function  for  the  airplane 
must  be  computed.  Noting  that  the  evaluation  of 
the  F-function  can  be  very  tedious  for  practical 
wing-body  combinations,  Morris  suggests  a  method 
of  estimating  the  overpressure.  This  method  is 
limited  to  configurations  in  which  the  wing  is 
located  toward  the  rear  of  the  body,  since  most 
supersonic  airplanes  are  of  this  type.  The 
simple  rule  is 


^combined  "  AI’v  orAPL  "Wchever  is  greater. 


The  reason  that  Morris  suggests  this  rule  is 
that  below  a  certain  altitude,  which  is  deter¬ 
mined  by  the  airplane  characteristics,  the  boom 
intensity  is  not  affected  by  lift.  Above  this 
altitude  the  lifting  ter*  is  considerably 
larger  than  that  due  to  body  shape.  For  an 
illustration  of  this  see  capsule  » ternary  U-10. 

The  altitude  above  which  lift  becomes  important 
is  then  evaluated  for  various  airplane  types, 
and  it  is  concluded  that  lift  will  dominate  the 
sonic  boom  Intensity  of  most  aircraft  at  high 
altitudes  and  over  most  of  the  altitude  range 
for  large  aircraft. 

A;  pointed  out  by  the  author,  at  the  time  this 
paper  wss  prittcr.r  calculation  of  F-function* 
was  extremely  ctatbersOPu: .■  ??> wever,  this  is  not 
the  case  today  due  to  the  use  of  sophisti.jaiyd 
computer  programs.  The  work  done  here  is  still 
valid,  however,  for  making  rapid  estimates  of 
sonic  boom  overpressures.  These  estimates  are 
probably  within  20-504  of  actual  values  which 
might  be  calculated  using  current  methods 
(depending  on  the  configuration) . 


where 

5 

AM  »  Maximum  aircraft  normal  cross-sectional  area 
AR  «  asnvct  ratio 

'■V'„ 

cs  »•  wuig  mot  clarc 


The  effect  of  lift  on  boom  strength  was  usually 
neglected  in  calculations  made  at  the  time  this 
paper  was  written.  The  results  presented  in  this 
paper  made  it  easier  for  subsequent  investigators 
to  determine  whether  or  not  the  neglect  of  lift 
effects  was  justified. 


2^  -  .’tetaacs  (ft)  frsr*  ulna  apsx  to  rear  tip 

edge 
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EXPERIMENT,’'!.  AilD  CALCULATED  FLOW  FIELDS  PRODUCED 
BY  AIRPLANES  FLYING  AT  SUPERSONIC  SPEEDS 
Harriet  J.  Smith 
NASA  Til  D-621,  November  I960 

Results  are  presented  in  this  paper  of  an 
experimental  cheek  on  Whi then's  theory  in  the 
near  field.  The  pressure  signatures  resulting 
from  supersonic  flights  of  an  F-190,  an  F-104, 
and  a  B-5P  airplane  were  measured  by  a  sensi¬ 
tive  pressure  transducer  mounted  on  the  nose 
boom  of  another  airplane  passing  at  a  given 
distance.  The  measured  pressure  signatures  were 
tl>cn  compared  with  detailed  signatures  calcu¬ 
lated  using  Whi thorn's  general  equation  for  the 
overpressure  (see  capsule  summary  G-3) .  The 
asymptotic  far-field  expression  for  the  over¬ 
pressure  wee  not  used,  since  the  measurements 
were  made  at  distances  from  120  to  425  feet. 

The  results  showed  that  the  strength  of  the  bow 
shock  wave  and  the  overall  characteristics  of 
the  flow  field  were  fairly  well  estimated  by 
theory.  However,  the  location  and  magnitudes  of 
all  of  the  intermediate  shocks  were  not  accu¬ 
rately  predicted.  It  was  also  found  that  using 
an  equivalent  body  of  revolution  based  on  the 
area  intercepted  by  parallel  planes  swept  at 
tha  lUch  angle  greatly  improved  the  results  of 
the  calculations  over  those  based  on  a  normal- 
area  distribution  equivalent  body.  This  is 
illustrated  in  the  two  figures  below,  which 
were  taken  from  this  paper. 


-4 - r - r 


pressure  signature  based  on  r.nte.iat  area  durrihurbut 


Lina  and  Haglieri  (see  capsule  simrtary  G-9) 
presented  measurements  in  an  earlier  paper  of 
the  far-field  bow  shock  overpressures  of  a 
fighter  and  bomber  which,  essentially,  con¬ 
firmed  Whi than' s  theory  in  the  far-field.  This 
paper  serves  the  same  purpose  for  the  r, ear- 
field  region  of  the  flow. 

Lift  effects  on  the  boom  strength  are  neglected 
in  this  paper,  which  was  the  normal  practice  at 
the  time  it  was  written.  Whether  this  neglect 
was  justified  or  not  cannot  be  determined  from 
the  paper,  since  the  altitudes  at  which  the 
flights  wore  made  is  not  given. 

The  appendix  gives  a  mmorical  method  of  con¬ 
structing  the  r(y>  curve  using  the  first  deriva¬ 
tive  of  the  cross-sectional  area  distribution. 

« 

This  was  the  first  flight  investigation  of  the 
flow  field  near  the  airplane.  It  was  also  one 
of  the  first  investigations  in  which  detailed 
theoretical  pressure  signatures  were  compared 
with  measured  signatures  rather  than  comparing 
only  the  bow-ahock  overpressure.  The  most  impor¬ 
tant  finding  was  that  the  normal-area  distribu¬ 
tion  normally  used  in  the  theory  at  that  time 
may  not  always  be  an  adequate  representation  of 
an  equivalent  body  of  revolution  for  estimating 
the  entire  flow  field,  especially  at  Uach  num¬ 
bers  much  greater  than  1.  For  these  cases  it 
was  found  that  the  area  distribution  determined 
by  using  the  oblique  cutting  planes  of  the 
supersonic  area  rule  (see  capsule  summary  G-l) 
must  be  used. 

G-13 

CALCULATED  EFFECTS  OF  BODY  SHAPE  CM  THE  BOW-SHOCK 
OVERPRESSURES  IN  THE  FAR  FIELD  OF  BODIES  IN 
SUPERSONIC  FLCM 
Donald  L.  Lansing 
NASA  TR  R-76,  1960 

This  paper  presents  a  theoretical  analysis  J 
tha  effect  of  body  geometry  on  the  asymptotic 
sonic  boom  strength  of  a  body  of  revolution.  Its 
purpose  is  to  evaluate 


F<n)  drj 


(sec  Whi than 's  asymptotic  formula  in  capsule 
sirraary  G-3)  for  «  family  of  bodies  of  ra volu¬ 
tion.  A  body  shape  constant  is  derived  which 
makes  it  unnecessary  to  evaluate  she  F- function 
explicitly  to  determine  the  sonic  boom  strength. 

As  can  Yc  seer,  in  capsule  summary  G-3.  Xhitham's 
asymptotic  formula  for  the  pressure  jtmp  across 
the  bow  4»o ex  is  proportional  to 


Ar  ,-L 

r:  r 


/  y0 

v/ 


F(»)  arj 


Calculated  B-St)  pressure  signature  based  tm  Mxft  !tnr  *ev 
distribution 


vhme 

Ply)  is  the  Kbit Hon  ?■  (jnetior* 
t)  i*  a  d\*v^  variable  of  integration 
and  y  -  oi  y  which  wakes  if.twqr-tl  a  maximims. 
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Tlte  only  portion  of  this  expression  which  Is 
dependent  upon  body  geometry  i*  the  integral. 
Randall  (•««  capsule  summary  P>21)  evaluated  a 
this  integral  for  a  parabolic  body  of  revolutictk 
in  tern*  of  its  length  and  maximei  cross-sac-  A, 
tional  are*.  Haglieri  and  Carlson  (sm  capsule  ' 
suwiary  is-2)  in  "surrey"  section)  modified  Ran¬ 
dall's  results  by  including  a  "body  shape  factor" 
in  the  expression  for  the  overpressure .  This 
body  shape  factor  was  evaluated  for  three  bodies 
of  revolution  hawing  differing  locations  for 
their  maximtsa  cross-sectional  area,  bansing  uses 
metrical  integration  to  derive  an  expression 
for  u«  body  shape  constant  for  an  arbitrary 
tody  of  revolution,  thus  extending  the  method 
cl  ttaglieri  and  Cur Ison  and  making  it  sore 
exact.  The  resulting  expression  involves  only 
W  eroax-oectional  area  and  can  be  readily 
evaluated  for  body  shapes  for  which  no  an aly ti¬ 
cs^  expression  is  available. 


LansinVs  final  expression  tor  the  overpressure 
is:  \ 
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R  -  autxieum  body  radius 
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DETERMINATION  OR  THE  FAR  FIELD  F&UH  BALLISTIC 

RANGE  SONIC  BOOM  TEST  DATA 

Edward  J.  Kane 

Boeing  Airplane  Company,  Document  Ho.  of— 7165 

February  a,  1961 

The  investigation  presented  in  this  paper  had 
two  purposes.  The  first  was  to  determine  the 
feasibility  of  using  ballistic  tests  to  inves¬ 
tigate  sonic  boom  theory.  The  second  was  to 
establish  the  point  in  the  flow-field  of  a 
supersonic  projectile  at  which  the  far-field 
oY  whitham's  theory  begins. 

The  flow  field  around  a  body  moving  super¬ 
sonically  suty  be  divided  into/three  regions. 
These  are  known  as  the  local  field  (near  the 
body  surface) ,  the  near  field,  and  the  far 
fiald.  In  the  near  field  the  affect  of  body 
shape  on  the  boon  intensity  is  a  variable 
dependent  on- the  distance  from  the  body,  while 
in  the  far  field  the  effect  of  the  body  shape 
does  not  vary  with  distance. 

The  procedure  used  to  determine  the  far-field 
boundary  consisted  of  firing  a  bullet  from  a 
rifle  at  a  given  distance  above  a  pressure 
transducer.  The  height  of  the  bullet's  path 
above  the  measuring  station  was  then  varied  to 
determine  the  effect  of  distance  on  the  meas¬ 
ured  signature.  The  measured  overpressures  and 
signature  lengths  were  then  plotted  versus  dis¬ 
tance  frost  the  flight  path,  along  with  theoreti¬ 
cal  asymptotic  far-field  curves  calculated 
using  Whitham'e  theory.  The  distance  at  which 
the  measured  values  began  to  fall  approximately 
on  the  theoretical  ftr-field  curves  was  taken 
to  be  the  beginning  of  the  far-field.  This  dis-. 
tance  turned  out  to  be  approximately  100  body 
length#  from  the  projectile  flight  path,  as 
shewn  in  the  figure  below.  It  was  also  found 
chat  this  result  was  not  affected  significantly 
by  the  slsndernecs  of  the  body. 


»  mevieum  cross-sectional  are*\ 


The  body  shape  constant  c  is  than  evaluated 
for  a  number  of  families  ef  body  shapes  choabp 
to  investigate  the  effects  of  a «sm  wtgle,  fiobr 
ness  ratio,  end  5t? £atian  of  maxima  cross  esc-  \ 
tier.  ct«  the  new  shock  overpressures. 


Lansing  concludes  that  the  body  geometry  influ¬ 
ences  the  far-field  pressure,  to  first  order, 
only  through  the  fineness  retie.  Local  details 
have  second  order  effects  which,  in  general, 
can  only  be  accounted  for  by  direct  computation 
Of  the  body  at  tape  constant.  It  wsv  found  that 
this  constant  usually  lies  nmerten  between 
0.5*  and  O.tl,  shich  agrees  with  Msgliiri  'a 
results.  « 

The  method  derived  by  Lancing  la  this  paper 
determine  the  influence  of  body  geometry 
out  actually  evaluating  the  f- function  provj*»<i\ 
one  of  the  b*at  early  methods  of  eoeputirs  ^  % 
asymptotic  box  shock  >wer»r«ru«*. 


Cktermhvtion  of  f 27- fit  id  bound*? 


n 
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To, further  define  the  limits  of  the  various 
flo*.- field  region*,  flight  data  compiled  by 
Smith  (see  capsule  summary  <3-12 )  was  used  to 
determine  the  “near-field1*  minimum  boundary. 

Th'.t  was  found  to  be  at  about  four  body 
lengths  frees  the  flight  path. 

This  investigation  did  demonstrate  the  feasi¬ 
bility  of  using  ballistic  tacts  to  investigate 
sonic  boom  theory.  Seme  difficulties  were 
encountered,  however.  The  biggest  drawback  was 
found  to  be  the  short  duration  and  low  intensity 
(on  the  order  of  .20  psi )  of  the  pressure  sig¬ 
nature.  This  meant  that  the  measuring  instru¬ 
ments  had  to  be  extremely  sensitive  and  thuc 
subject  to  the  influence  of  outside  disturbances. 

Waltham  and  Lighthill  had  concluded,  on  the 
basis  of  experimental  data  by  DuHond,  Cohen, 
Panofsky,  and  Deeds  (see  capsule  suanary  P-2) 
that  the  boundary  of  the  near-  and  far-fields 
was  at  about  100  projectile  lengths  from  the 
body  centerline.  This  is  the  same  conclusion 
reached  in  this  investigation  using  more  sophis¬ 
ticated  experimental  techniques.  The  difference, 
however,  was  that  Whitham  and  Lighthill  were 
dealing  with  bodies  whose  slenderness  ratio  was 
of  the  order  of  10,  while  for  the  bodies  used 
in  this  investigation  it  was  about  3.0.  This  is 
significant  in  that  the  latter  body  is  not, 
strictly  speaking,  a  slender  tody.  This  experi¬ 
mentally  verified  the  fact  that  Nhitham's 
results,  even  though  derived  for  a  slender 
body,  are,  at  large  distances,  applicable  to 
fairly  bluff  todies. 

The  determination  of  the  location*  of  the  local, 
near-,  and  far-fleld  boundaries  made  in  this 
paper  provided  a  valuable  aid  In  subsequent  in¬ 
vestigations  into  the  factors  affecting  Sonic 
boosts.  Many  previous  investigations  had  used 
whitham's  asymptotic  expression  for  the  over¬ 
pressure  at  locations  too  close  to  the  flight 
path  for  “f£r- field"  conditions  to  exist  (see 
capsule  uueeuiry  <3-7,  far  example).  The  results 
of  this  ittv#stigsfr*on  made  it  much  easier  to 
determine  when  the  “far-field"  equations  could 
be  used. 


G-1S 

ah  ejybsticatioh  or  the  ihfluedcc  or  lift  on  s-xzc- 

BOOM  tliTtilSITY  BY  MEADS  0 T  WISD-TUIMEL  HE  AC  uR£f  ICtiTS 
OF  TIE  PRESSURE  FIELDS  If  SEVERAI  ‘..,:-J-BODY 

cgwihatiojs 
Harry  W.  Carl*-*. 

DAS*.  'iU  July  i$61 

■rhi*  presents  the  results  of  an  experi¬ 

mental  check  on  the  thcor ie*  of  Walkden  and 
Ho'git  (see  capeulT  .summaries  G-6  and  G-ll) 
uonoeming  (fa  nliect  of  lift  on  sonic  boom 
intaneiVy- 

four  models  one-half  iveh  in  length  were  tested 
In  the  tJASA-Langley  supersonic  wind  tunnel  at  a 
Mach  number  of  2.01  and  a  Reynolds  nuabet  of 
i.s  x  10  per  foot.  The  relative  sire  of  the 
tunnel  and  models  made  it  possible  to  obtain 
signatures  which  approached  the  far  field  It-wave. 


The  effect  of  lift  was  determined  by  testing 
each  of  the  nidols  at  angles  of  attack  of  0  , 

5°,  and  10°.  The  wing  areas  of  the  models  varied 
v»  0.014  to  0.144  square  inches,  providing  a 
>' .ff  indication  of  the  effect  of  lift. 

.'juat-ion  used  to  compute  the  bow-shock 

-ure  is  the  sa».e  as  Whitham's  asymptotic 
(see  capsule  umry  G-3)  except  for  the 
.fusion  of  a  reflection  factor  which  is  1  for 
i-ee  air  and  2  for  a  smooth  flat  plate.  The  F- 
jnction  used  in  this  equation  is  the  same  as 
*.  Ir.ived  by  Walkden  (see  capsule  sixmut-y 
i  except  that  interference  effects  arc  •  it 
intc  account  here.  Ip.  general,  the  v«.  .usie 
.  ..  lift  effects  are  combined  in  the  F- function 
■t  fore  pressures  are  found.  However,  in  this 
•.uise,  due  to  the  fact  that  the  F-fur.ctions  had 
the  same  limits  of  integration  and  were  every¬ 
where  positive,  the  pressure  rise  due  to  the 
volume  and  lift  was  expressed  as 


A  numerical  approach  war  n*';d  to  obtain  the 
F-f unctions  becaure  of  difficulties  ASSES'* 
with  analytical  treatment  of  thS  rGlgss  contri¬ 
butions  to  the  F-funct>cri*-  fwc  the  models  used 
here.  This  method  <;  essentially  the  same  as 
that  described  in  capsule  summary  G-23. 

!■;  this  investigation  the  normal  cross-section¬ 
al  area  of  the  wing-body  combination  was  used 
rather  than  the  more  rig^iwusjy  correct  area 
determined  by  the  supersonic  area  rule.  The 
error  involved  in  making  this  approximation  was 
checked  and  found  to  be  small.  The  models  were 
Designed  so  that  the  normal  cross-sectional 
area  distribution  was  the  same  for  each.  Thus 
the  contributions  of  the  volume  to  the  F-fune- 
tion  wa*  the  same  for  all  models,  see  capsule 
f.is&ary  G-23  for  an  illustration  of  the  manner 
in  which  the  F-f unction  was  derived. 

The  results  showed  that  the  effect  of  lift  did, 
as  expected,  increase  with  increasing  angle  of 
attack  and  with  increasing  wing  area.  For  the 
model  with  maximum  wing  area  the  maximum  over¬ 
pressure  increased  by  a  factor  of  about  2.5  o 
when  the  angle  of  attack  was  increased  from  0 
to  10°.  For  the  nodal  with  the  minimum  wing 
area  the  maximw  overpressure  increased  by  a 
factor  of  approximately  1.8  for  the  erne  change 
in  angle  of  attack.  The  experimonAal  curves  of 
bow-shock  overpressure  versus  angle  of  attack 
follow  the  same  trend  as  the  theoretical. curves, 
but  the  measured  values  are  consistently  only 
about  75%  as  large  as  the  theoretical  values 
(see  figure  below) .  This  discrepancy  was  attri¬ 
buted  to  factors  in  the  experimental  system 
which  tended  to  reduce  the  measured  peak  values 
of  the  pressure  riws  such  as  vibration  of  ex¬ 
perimental  apparatus,  unsteady  or  turbulent 
flow,  and  boundary  layer  effects  on  pressures 
at  the  measuring  surface. 


. . . . . . . . 


niries  0-9  anti  P-20).  This  paper  provided  com¬ 
plementary  data  for  large  airplanes. 
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An  examination  is  then  made-  of  previously  pub¬ 
lished  flight  test  data  to  determine  lifting 
effects.  The  results  ere  inconclusive  because 
of  the  large  scatter  in  the  flight  test  date. 

The  wind  tunnel  results  are  not  invalidated, 
however. 

This  investigation  provided  the  first  experi- 
nental  verification  of  tha  validity  of  the 
theory  concerning  lift  effects  on  sonic  bo> 
Intensity. 

G-lr. 

GROUND  HT-ASUROT91TS  or  the  shock-wave  moise  from 

SUPERSONIC  BOMBER  AIRPLANES  TO  THE  ALTITVOR  RANGE 

from  39,oog  to  so,ooo  feet 

Dominic  J.  Saglieri  and  Harvey  II.  Hubbard 

NASA  TO  D-880,  July  1961 

The  Min  put;  owe  of  this  investigation  was  to 
determine  bo  important  lift  affects  are  on  the 
sonic  boom  of  large  airplanes  at  high  altitudes. 
To  accompli rh  this,  pressure  signatures  from  a 
5-58  weighing  between  83,000  and  120,000  pounds 
were  measured.  The  flights  were  made  at  Hach 
numbers  of  1.24  to  1.52  in  the  altitude  range 
from  30,000  to  50,000  feet.  The  measured  over¬ 
pressures  were  then  compered  with  those  calcu¬ 
lated  using  tfiithan’s  expression  for  tha  over¬ 
pressure  due  to  volume,  Harris*  expression  (see 
capsule  summary  G-ll)  for  the  overpressure  due 
to  lift,  and  an  expression  derived  by  Carlson 
for  the  combined  lift-volume  overpressure  (see 
capsule  summary  015) . 

The  measured  pressures  were  generally  higher 
than  would  be  predicted  by  the  theory  which 
accounts  for  only  volume  effects.  The  agresment 
is  such  better  when  combiner  lift-volume  theory 
is  used.  It  is  concluded,  as  a  result  of  this, 
that  lift  offsets  may  be  significant  for  large 
airplanes  flying  at  altitudes  above  30,000  feet. 
This  agrees  with  the  predictions  made  by  Morris. 

Prior  to  this  paper  numerous  nensuremen* *  had 
been  made  of  ground  pressures  resulting  from 
fighter  airplanes  at  Hach  numbers  up  to  2  and 
at  altitudes  to  60,000  fast  (sew  capsule  sun- 
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NOTE  ON  SOME  THEORETICAL  ASPECTS  OF  LIFT  PRODUCED 
SONIC  BOOH 
Armand  Sigalla 

Boeing  Airplane  Company,  Document  No,  D6-3996,  1901 

In  this  paper  the  transfer  of  weight  from  a 
lifting  wing  in  supersonic  flow  to  the  ground 
is  investigated.  Also,  a  formula  for  the  F- 
function  of  a  wing  with  discontinuities  in  the  • 
chordwire  lift  distribution  is  derived. 

The  author  begins  with  a  review  of  Whi thaw's 
theory.  An  expression  is  then  derived  for  the 
perturbation  potential  at  large  distances  from 
the  -l.-.g  in  terms  of  the  lift  distribution. 

Use  is  made  of  Hayes'  area  rule  as  in  the.  manner 
of  lieaslet,  Lomax,  and  Sp.-eiter  (see  capsule 
suamary  G-2). 

From  this  a  formula  for  the  axial  perturlietion 
velocity  in  terms  of  the  lift  distribution  is 
derived.  The  F-function  for  a  wing  having  dis¬ 
continuities  in  its  lift  distribution  is  then 
evaluated.  The  resulting  expression  for  this 
F-function  1st 
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where  h(f>  is  a  continuous  differentiable  func¬ 
tion  related  to  the  lift  distribution  snd  the 
rest  of  the  notation  is  the  same  as  that  defined 
in  capsule  »  unwary  G-3.  The  author  points  oot 
that  a  discontinuous  lift  distribution  may  be 
thought  of  as  a  scarce  distribution  with  dis¬ 
continuous  strength  but  the  latter  cannot  be 
used  to  represent  a  body  with  discontinuous 
slopes.  Thus  e  lift  distribution  of  this  type 
cannot  he  related  directly  to  an  equivalent 
body  of  revolution. 

The  transfer  of  lift  to  the  ground  is  shown  in 
a  straightforward  manner  by  integrating  the  full 
linear  theory  pressure  coefficient  at  ground 
level  over  the  entire  ground  area  affected  by 
the  airplane.  The  pressure  coefficient  is  re¬ 
lated  to  the  previously  derived  axitl  perturba¬ 
tion  velocity  bv  C  «  The  resulting  force  • 

on  the  ground  is,  as  expected,  equal  to  the 
lift.  It  is  important  to  note  that  no  large- 
distance  approximations  are  made. 

This  equality  of  lift  to  the  reaction  force  on 
tha  ground  cannot  be  explained  using  only 
Nhitham's  asymptotic  theory.  According  to  thin 
theory  the  strengths  of  the  front  and  rear 
•bocks  of  a  body  of  revolution  are  equal  with 
tha  pressure  decreasing  linearly  in  between. 

This  leads  to  no  net  force,  since,  except  for 
discontinuous  lift  distributions,  the  signature 
of  a  lift  distribution  is  equivalent  to  that  of 
a  certain  body  of  revolution,  Whitham’s  theory 
would  show  that  no  force  is  transferred  to  the 
ground  by  a  lifting  wing.  The  author  explain* 
this  paradox  by  pointing  out  that  most  appli¬ 
cations  of  HhitHam's  theory  are  based  on 


asyrptotic  foms  for  the  velocity  perturbations. 
Tlicse  foms  are  more  valid  in  the  vicinity  of 
the  shock  waves  than  in  the  region  between  them. 
However,  in  order  to  determine  the  resultant  of 
tile  pressures  on  the  ground,  the  pressure  field 
over  the  whole  ground  must  be  examined.  The  use 
e£  an  asymptotic  expansion  which  is  more  valid 
in  some  regions  than  in  others  is  not  permis¬ 
sible.  The  perturbation  velocity  used  by  the 
author  is  valid  everywhere  on  the  ground,  how¬ 
ever,  thus  accounting  for  the  dispar'ty  betveei, 
it  and  Hhithan'a  theory  in  explaining  the  trans¬ 
fer  of  lift  to  the  ground.  The  author  concludes 
that  the  front  lobe  of  the  "U“  wave  must  be 
scrcwhat  larger  than  the  rear  lobe,  including 
the  pressure  distribution  foiiowing  the  rear 
shock  wave.  This  is  shown  to  bo  the  case  in  a 
later  paper  by  Seebass  and  McLean  (see  cap  iuIo 
summary  G-38} . 

Tnis  paper  was  written  with  the  aerodynasicist 
and  not  the  mathematician  in  mind.  As  a  result 
the  mathematical  derivations  are  explained  in 
more  depth  than  in  most  papers.  The  physical 
explanation  of  Whithan's  theory  given  in  the 
early  part  of  the  paper  is  very  good. 

0-18 

kind  tunnel  measurehehts  of  the  soi.'io&nrti 

CHARACTERISTICS  Of  A  SUPERSONIC  BOMBER  MODEL 

AMD  A  CORRELATION  WITH  FLIGHT-TEST  GROUND 

MEASUREMENTS 

Harry  w.  Carlson 

NASA  TJ1  X-700,  July  19C2 

A  one-inch  modal  of  a  B-58  boeber  was  constructed 
and  tested  in  the  NASA -Lang ley  4x4  foot  super¬ 
sonic  wind  tunnel  at  a  Mach  number  of  2.01.  The 
measured  pressure  signatures  were  then  compared 
with  those  obtained  in  previous  B-58  flight  test 
measurements  and  with  those  calculated  using 
Whithan's  asymptotic  formula  (see  capsule  sum¬ 
mary  G-3)  and  an  F- function  derived  by  Kclkden 
accounting  for  both  lift  and  volume  effects. 

The  measured  tunnel  overpressures  were  consis¬ 
tently  lower  than  those  predicted  by  theory . 

This  was  thought  to  be  due  to  experimental  dif¬ 
ficulties  (see  capsule  sumary  5-15) .  The  meas¬ 
ured  signatures  were  corrected  to  account  fur 
these  effects  by  making  the  adjusted  maximum 
overpressure  equal  to  that  found  by  dividing 
the  area  under  the  positive  portion  of  the  pres¬ 
sure  signature  by  the  characteristic  length, 
which  was  defined  as  the  distance  from  the  half 
maximum  pressure  position  on  the  pressure  rise 
to  the  point  of  rero  overpressure.  After  this 
adjustment  was  made  the  correlation  between 
theory,  tunnel  results,  and  flight-test  results 
worn  reasonably  good,  the  greatest  discrepancy 
occurring  at  the  higher  altitudes  where  the 
flight  test  measurements  were  about  2G«  higher 
than  either  the  theory  or  the  adjusted  tunnel 
data.  It  wes  thought  that  part,  of  this  dis¬ 
crepancy  might  have  been  due  to  nonuni form 
atmosphere  effects. 

This  investigation  was  the  first  to  correlate 
theory,  wind  tunnel,  end  flight-test  measure¬ 
ments.  It  demonstrated  that  either  theory  or 
wind  tunnel  data  could  be  used  with  confidence 
to  provide  the  estimates  of  sonic-boom 
characteristics. 
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LATERAL- SPREAD  SONIC-BOOM  OROOliD-PRESSUR E  MEASURE- 
MBITS  FROM  AIRPLAllf.S  AT  ALTITUDES  TO  75,000  FEET 
AND  AT  MACII  NUMBERS  TO  2.0 
Domenic  J.  Megliori,  Tony  L.  Parrott, 

David  A.  Hilton,  and  William  L.  Copeland 
NASA  Til  D-2023,  August  1303 

Tils  p*p«*'  presents  the  results  of  shock-wave 
overpressure*  measured  for  a  wide  range  of 
altitudes  and  Mach  numbers  of  fighter  and 
bomber  airplanes  on  the  ground  track  and  for 
lateral  distances  up  to  about  20  mile*.  It 
deals  with  both  the  generation  and  propagation 
of  sonic  booms,  but  only  those  parts  of  the 
report  dealing  with  generation  will  be  dis¬ 
cussed  here.  The  propagation  results  ate  sxs- 
marixai  in  capsule  summary  P-36, 


The  measure  tents  showed  that  the  fighter  air¬ 
plane  data  were  in  good  agreement  with  volume 
theory  in  the  vicinity  of  the  flight  track.  For 
the  bomber,  however,  measured  data  on  the  flight 
track  were  markedly  higher  than  the  values  cal¬ 
culated  by  volume  theory.  Theae  data  included  bow 
shock  overpressure,  signature  length,  and  the 
magnitudes  of  the  positive  and  negative  impulses 
of  the  pressure  signature. 

These  results  dn/scAiMreted  that  lift  effects 
were  important  for  the  bomber  for  a  wide  range 
of  altitudes,  but  were  much  less  important  for 
the  fighters.  This  had  already  been  demonstrated 
in  previous  investigations  (see  capsule  sus*- 
meries  G-9  and  r,-16) .  Thus  this  investigation, 
basically.  Just  corroborated  the;  result*  of 
previous  investigation*  as  far  as  generation 
of  sonic  hoomr.  is  concerned.  It*  main  contri¬ 
bution  was  in  the  are*  of  propagation. 

G-20 

IIi*FLIGirr  SHOCK-WAVE  PRESSURE  MEASUREMENTS  ABOVE 

Aim  BELOW  A  BOMBER  AIRPLANE  AT  MACH  HUMS'  FROM 

1.42  TO  1.69 

Dostenic  J.  Meglleri,  Virgil.  S.  Ritchie.  A 

John  F.  Bryant,  Jr. 

NASA  Til  D-19CC,  October  1963 

The  results  of  measurements  of  the  pressure 
signatures  above  and  below  a  B-58  supersonic 
bomber  are  prvxunted  in  this  paper.  A  pressure 
probe  on  the  nrta#  boom  of  a  fighter  airplane 
was  used  to  make  these  measurements.  The  flight 
altitudes  varied  from  36, COO  to  50,000  feet, 
the  Mach  nMhar  from  1.42  to  1.69,  and  the 
gross  weight  of  the  bomber  from  83,000  to 
117,000  pounds.  The  purpose  of  these  tests  was 
to  obtain  information  concerning  the  way  in 
which  lift  effects  and  volume  effects  combine 
in  the  generation  of.  the  shock-wave  patterns 
from  the  generating  airplane.  The  manner  in 
which  these  lift  and  volume  components  combine 
hod  been  shown  by  the  theory  of  waikden  {see 
capsule  susssary  G-4)  and  Morris  (see  capsule 
summary  G-ll)  to  be  important,  but  it  had  not 
been  verified  experimentally. 

The  results  showed  that  the  signatures  measured 
fcelow  the  airplane  had  higher  peak  positive 
values  than  those  measured  Above  the  airplane 
at  comparable  distances.  Furthermore,  it  was 
found  that  below  the  alrplanv  the  higher  over- 


pressures  were  associated  with  the  higher  lift 
coefficients,  whereas  the  reverse  was  true 
alujve  the  airplane.  These  results  indicated 
tfc*t  the  lift  pressures  add  to  the  volume 
i.  .ures  balow  the  airplane  and  subtract  from 
L.m  volume  pressures  above  the  airplane. 

Further  results  showed  that  for  data  obtained 
below  the  airplane  the  neasured  pc  itive  in* 
pulses  were  generally  larger  than  the  negative 
inpulses,  whereas  the  reverse  was  true  above 
the  airplane.  Combined  lift-voiune  calculation* 
for  the  far-fisld  using  Melkden*  s  theory  and 
Carlson's  rathod  {see  capsule  sueeiary  G-23) 
were  found  to  be  in  good  agreement  with  the 
bow-shock  pressure  measurement*  made  above  and 
below  the  airplane,  indicating  that  lift  effects 
were  significant  for  the  operating  conditi ms 
of  these  flights.  The  results  also  indicated 
that  as  the  distance  from  the  airplane  increased 
the  number  of  individual  shock  waves  diminished 
until  the  classical  Jf-wave  shape  was  approxi¬ 
mated  at  a  distance  of  SO  to  go  body  lengths 
for  the  conditions  of  these  tests. 

Lift  effects  on  the  sonic  boom  had  been  inves¬ 
tigated  previously  in  the  wind  tunnel  by  Carlson 
(see  capsule  summary  G-15)  and  in  flight  tests 
by  Kaglieri  and  Hubbard  and  by  Hagliarl,  Parrott, 
Hilton,  and  Copeland  {see  .  rnsule  summaries  C.-16 
and  0-19,  respectively).  Th’*  is  the  first  in¬ 
vestigation,  however,  which  obtained  data  both 
above  and  below  the  airplane.  This  brought  out 
the  interaction  of  lift  and  volume  effects  much 
more  clearly  than  in  any  of  the  previous  papers. 
It  is  also  important  to  note  that  only  the  the¬ 
oretical  bow  shock  overpressure  was  compared 
with  the  flight  test  results  rather  than  a 
detailed  pressure  signature. 
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LIFT  CONTRIBUTION  TO  THE  SOJIIC  »TS 

G.  1.  Bird  and  C.  J.  Wether all 

AIM  Journal,  2(1),  582-583,  March  1964 

This  is  a  brief  note  which  investigates  the 
Significance  of  the  "ciraetferential  awning* 
effect  as  a  shock  wave  from  a  lifting  body, 
whose  strength  verias  in  the  axisathal  direc¬ 
tion,  propagates  away  from  the  configuration, 
wind  tunnel  experiments  were  conducted  at  Mach 
2  using  a  15°  semiapex  angle  cone  and  a  flat 
delta  wing  with  subsonic  edges,  tdiich  conven¬ 
tional  theory  indicated  was  equivalent  to  the 
cone  at  sero  incidence.  The  results  showed  that 
for  the  oone  at  15°  incidence  the  variation  of 
the  shock  strength  in  the  esimuthal  direction 
approached  that  of  the  same  eon#  at  sero  inci¬ 
dence,  as  the  distance  from  the  model  increased 
(see  figure  below).  For  the  delta  wing  there 
wes  also  a  progressiva  evening  of  the  shock 
strength  around  tne  periphery  <»*«  figure  below), 
which,  it  is  hypothesised,  could  cause  the  maxi- 
must  shock  strength  from  the  wing  to  fall  below 
the  cone  shock  strength.  It  is  concluded  by  the 
authors  that,  if  th«  evening  effect  persists  to 
large  distances,  it  is  likely  that  the  Mslkden- 
Whitham  approach,  which  neglects  it,  could  lead 
to  a  considerable  overestimation  of  the  sonic 
boom  due  to  lift. 


Shotk  strength*  produced  by  1 5  setmapex  apple  cone  as  M  =  3 


Gjinpunon  of  shocks  from  slender  delta  and  cone 


The  experimental  results  shown  here  are  good, 
but  the  inability  to  obtain  measurements  in  the 
far-field  of  the  model*  make*  it  impossible  to 
draw  any  definita  conclusion1;  as  to  tine  sig¬ 
nificance  or  the  circumferential  evening  effect 
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AH  ANALYSIS  A2E>  CORRELATION  OF  AIRCRAFT  WAV!:  DRAG 

Roy  V.  Karris,  Jr. 

NASA  W  3-997,  Kerch  1«« 

This  paper  presents  and  discusses  s  computer 
program  developed  by  The  Boeing  Company  which 
uses  slander-body  theory  in  combination  with 
th*  supersonic  area  rule  to  find  aircraft  wave 
dr. *3,  Th#  relevance  to  sesnic  boast  theory  lies 
in  the  numerical  implementation  of  tits  super¬ 
sonic  use  rule  for  calculating  equivalent  are# 
distributions  frost  descriptions  of  airplane 
geometry. 

The  supersonic  ares  rule  is  reviewed  and  a  com¬ 
puter  program  for  calculating  the  are*  distri¬ 
bution  of  the  equivalent  body  of  revolution  is 
described.  The  equivalent  body  area  distribu¬ 
tions  are  then  calculated  by  solving  for  the 
normal  projection  of  the  areas  intercepted  by 
the  appropriate  Kach  cutting  planes. 

This  is  a  very  valuable  digital  computer  pro¬ 
gram,  since  the  first  step  in  all  sonic  boon 
calculations  is  to  find  the  area  distribution 
of  the  equivalent  body  of  revolution. 
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OKOtijm  tUASunrr'nrrs  of  somc-aorti  prtsrurks  for 
■nin  w.Ti'mnn  range  or  lo,ooc  to  75,000  rrxr 
Harvey  II.  Kulibtrri,  Oomenic  J.  Mcglieri,  Vera  Ifuckel 
and  nn/id  A.  Hilton 
!IAKA  Tl  R— 19ft ,  July  1904 

.’leasurenents  veir  Mdt  of  the  pressure  signa- 
tores  of  an  F-104  fighter  and  a  3-50  Ixaolxsr 
airplane  in  the  altitude  range  froei  10,000  to 
75,000  feet  and  *‘.t  Mach  numbers  from  1.1  to  2.0, 
Calculations  of  the  volumo  ccntrilnition  to  the 
boon  strength  were  made  using  Whi than's  asynji- 
totic  formula  («9  capsule  suerary  0-3) .  Calcu¬ 
lations  which  accounted  for  the  combined  effects 
of  lift  and  volume  were  made  using  a  numerical 
technique  derived  by  Carlson,  which  is  described 
in  the  appendix  of  this  paper,  based  upon 
Walkden's  theory  (see  capsule  summary  G-fi) , 

Carlson's  technique  is  in  s  form  suitable  for 
numerical  calculations.  In  it  the  equation  used 
to  compute  the  bow  shock  overpressure  is  the 
same  as  Whithorn's  asymptotic  formula  (sec  cap¬ 
sule  summary  G-3)  except  for  the  inclusion  of  a 
reflection  factor  which  is  equal  to  1  in  free 
air  and  2  for  a  smooth  flat  plate.  The  necessary 
inputs  to  the  computation  are  a  nondimension- 
alixed  area  distribution  A(t)  forced  by  super¬ 
sonic  area  rule  cutting  planes  (see  capsule 
•ternaries  6-1  and  05)  and  a  nondinensionalized 
equivalent  area  distribution  due  to  lift  called 
B(t),  which  is  given  by 
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Dtvehpmtnt  of  volume  ami  lift  combowttit  for  the  h~funcl*»< 

The  results  showed  that  the  calculated  over¬ 
pressures  due  to  volume  alone  agreed  fairly 
well  with  the  measured  overpressures  of  the 
fighter  j p  to  40,000  feet,  as  shown  in  the  fig¬ 
ure  below.  Ahovo  this  altitude  the  volume  theory 
gives  results  which  are  lover  than  the  measured 
values,  indicating  Oust  lift  effects  are  impor¬ 
tant  for  the  fighter  above  40,000  fe  i. 

'■/ri 

/  i  Pwe  '-r*i 


B(c)  '  "  y  f 

1q*2  W 


F^'d* 


5  *  s'  « ,  q  *  free  stream  dynamic 
pressure,  F; '  -  lifting  force  per  unit  length 
a'eng  aiml*  ongitudinal  axis,  t  f  nondimen- 
nonaii s».J  d  ..  ice  along  longitudinal  axis 
•ror  airplonr.  .  '  ^e,  x  -  distance  measured  along 
ioxgiiudiaa’  x  -  from  airplane  or  model  nose, 
six)  f  v  length  •  airplane  in  feet. 

/.  co«d><ned  ar-s  distribution  A„(t)  is  formed  by 
a  dit'4!.i  if Witioft  o'.  the  A(t)  and  B(t)  curves. 

Ti*  A,  (tx  curve  is  than  approximated  by  a  aeries 
of  pftr'ih-l.c  area  having  a  first  derivative  eon- 
posed  c(  connected  straight  line  segments  and  a 
second  derivative  composed  of  a  step  or  pulse 
function  (see  figure  below).  The  integral  involved 
:n  the  Fit)  equation 
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can  be  evaluated  easily  when  A  "(t)  is  a  con¬ 
stant,  and  by  superposition  a  Complete  F(t) 
curve  may  be  built  up.  An  integration  of  the 
r(t)  function  to  the  point  t  (the  value  of  t 
which  maximizes  the  integral?  is  then  used  in 
evaluating  the  pressure  rise  characteristics. 
The  degree  of  approximation  of  the  A  (t)  curve 
can  be  improved  by  increasing  the  nuJwer  of 
pulses  used. 
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For  the  bomber,  the  voltee  theory  results  were 
too  low  at  all  altitudes  above  30,000  feet.  The 
volume-lift  theory  was  in  fairly  close  agree¬ 
ment  with  the  measured  overpressures,  although 
slightly  lev,  at  all  altitude*  above  30,000  feet 
(sea  figure  below). 
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Tiinso  results  arc  in  agreement  with  the  theorie: 
of  ’torris  (see  capsule  sur**aries  G-ll  and  OlOj 
ansi  the  previously  measured  results  of  flight 
tests  (see  capsule  suwsariss  Ci» 9,  G-16,  G-I9, 
ansi  G- 20} . 

The  instrumentation  used  in  this  test  was  Bore 
sophistic* -os!  than  any  used  in  previous  tests 
up  to  that  tine.  As  a  result,  the  actual 
pressure  signatures  were  nore  faithfully 
reproduced  than  in  any  previous  measurements. 
Typical  rveasured  signatures  for  the  fighter  and 
l*ofu>or  are  shown  below. 
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HI!©  TtTPIKL  fffiASUWTtEIITS  OF  THK  FAK-rirxn  PRESStlRKS 
uuk  to  sow.  Ltmir,,  slc®er  dfxta  wi  ;r.s 

7.  A.  Cook 

C.P.  1*3.  R02,  August  1964 

This  paper  presents  the  results  of  an  experi¬ 
mental  investigation  into  the  of  facts  of  lift 
and  wing  flew  separation  on  sonic  boon  Intensity. 

Mind  tunnel  msasureatentc  were  mede  of  the  pres¬ 
sure  field  at  twelve  body  lengths  free,  three 
slender  delta  wings  six  inches  in  length.  Those 
wings  had  varying  cache r  and  lengthwise  lift 
distributions.  The  neasurenents  were  mad#  in 
the  plane  of  syrnetry  of  the  wing  at  a  Mach 
number  of  1.80  and  a  Reynolds  number  of  4.2^  x 
lO*1  per  foot  at  several  angle*  of  attack. 

Mhithan’s  general  formula  (see  capsule  summary 
G-3)  Was  used  in  conjunction  with  the  appropri¬ 
ate  F- function  for  the  wing,  as  derived  by 
Mslkdan  (see  capsule  summary  G-f,j  to  compute 
the  theoretical  overpressure  at  any  point  in 
the  field. 


two  Models,  loth  having  a  linear  lengthwise 
distribution  of  lift  coefficient  hut  different 
attachment  lift  coefficients.  Tiso  Measured 
shock  strengths  of  both  also  agreed  well  with 
theory,  although  the  predicted  variation  o? 
strength  with  lift  coefficient  was  slightly 
lower  than  that  Measured.  The  effect  was,  how¬ 
ever,  relatively  snail  and  of  the  swe  sis*  as 
the  experimental  error.  It  was  also  found  that 
agreement  between  theory  and  experiment  was  not 
as  good  in  the  case  of  a  cambered  wing  having 
a  nonlinear  lift  distribution.  It  was  hypothe¬ 
sised  that  this  discrepancy  could  probably  !w> 
overcome  if  the  lift  distribution  were  accu¬ 
rately  known. 

A  similar  wire!  tunnel  investigation  of  lift 
effect*  was  performed  by  Carlson  fssw*  capsule 
suswary  G-15) .  It  also  eonfirmod  the  validity 
of  the  theory  concerning  lift  effects  on  the 
sonic  boon. 

This  is  a  \«ell-done  investigation  with  clearly 
presented  dat? 

G-2S 

correlation  or  some  uoai  theory  win.  wis© 

Tuiaxx.  win  flight  liKASURniniTs 

Harry  Carlson 

IIASA  TP.  P.-213,  December  1964 

This  paper  uses  previously  obtained  wind  tunnel 
and  flight  measurements  to  check  the  correla¬ 
tion  between  sonic  boon  theory  and  experiment, 
reproved  data  reduction  methods  (see  capsule 
ssmury  G-18)  were  used  to  reduce  the  wind 
tunnel  data,  and  nor*  precise  theoretical  esti- 
nation  techniques  were  used  than  ware  employed 
In  previous  work.  This  involved  the  use  of  the 
reference  pressure  defined  by  Friettoan,  Kane, 
and  Sigalla  (see  capsule  stevary  P-33} ,  which 
scaled  the  signature  overpressure  to  account 
for  atmospheric  effects.  Previous  to  this  tine 
the  normal  reference  pressure  used  was  the 
geometric  near,  of  the  atmospheric  pressure  at 
altitude  and  that  on  the  ground  {  N?  P^P  ) . 
Certain  minimization  concepts  are  a; so 
discussed,  out  these  are  siusoriaed  in  the 
"■Minimisation"  section  of  this  report  Ssee 
capau-e  scu ry  H-10J . 


The  conclusion  tha;  oth  volume  and  lift  effects 
contribute  to  bow  shock  overpressures  was  reaf¬ 
firmed  by  the  results  of  this  review.  The  results 
tine  shewed  that  sonic  boor,  theory  (a»  of  1964) 
gives  reasonably  accurate  estimates  of  nominal 
around  track  overpressures  for  steady  supersonic 
flight  in  a  standard  or  near  standard  atmosphere. 
Vt*  agreement  between  theory,  wind  tunnel  data, 
and  flight  measurements  for  the  complete  pressure 
signature  was  also  found  to  be  good,  as  shown  in 
th*  figure  below,  which  was  taken  fits*  this  paper. 


The  results  of  the  investigation  showed  that 
theory  agreed  well  with  measurements  of  the 
complete  pressure  signature  for  an  uncambered 
model  at  sern  lift.  Good  agreement  was  found 
between  the  measured  mxinm  overpressures  of 
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The  appendices  discuss  the  author's  computer 
technique  for  computing  bow  shock  overpressures 
(sie  capsule  stessary  G-23)  and  the  adjustment  of 
wild  tunnel  measurements  of.  bow  shock  strength 
to  compensate-  for  experimental  limitations. 

In  i  previous  paper  (see  capsule  summary  G-18) 
Carlson  also  made  a  correlation  of  theory,  wind 
tunnel,  and  flight  measurements.  This  paper 
nek's  use  of  much  more  data,  however,  are!  is 
fc reader  in  scope. 

This  reference  is  a  good  summary  of  what  had 
beei  learned  about  the  generation  at  sonic 
boons  up  to  1064. 

G-26 

AT!  EVALOATICJI  CP  THE  FAR-FISLO  OVEEPRESSURf,  JLTEGRA!. 
Raymond  n.  Kicks  and  Joel  r.  Her.doia 
Journal  of  Aircraft,  2,  (2) ,  154-155, 
i»rsh-April  1965 

This  short  note  presents  the  derivation  of  a 
method  of  evaluating  the  integral  in  Hhit ham’s 
asymptotic  formula  (see  capsule  summary  G-3)  that 
dees  rest  involve  the  use  of  derivatives,  Laplace 
transforms  are  used  to  obtain  an  expression  for 
the  integral  of  the  F-function  in  Miss  of  the 
equivalent  cross-sectional  area  due  to  voline  and 
lift  at  discrete  points  along  the  body.  An  example- 
calculation  is  performed  for  two  nonlifting 
models  for  Which  equations  for  the  exact  area 
distrii .tion*  are  known.  The  calculated  over¬ 
pressures  were  nearly  identical  to  the  exact 
values  calculated  using  the  normal  fern  of  the 
overpressure  integral,  as  shown  in  the  tabic 
below. 

COMPARISON  OF  THE  .HA XI HEM  SONIC  0OOM 
OVERSEES® 3HE  PARAMETER  KITH  THE  EXACT 
SOLUTION. 

Configuration  1  Configuration  2 

Exact  Calc.  Exact  Calc. 

0.0321  0,0321  0.06ST  0.0666 

Lansing  (see  capsule  *vs=eaty  G-13)  had  previously 
derived  an  equation  for  the  far-field  overpressure 
integral  which  avoided  the  necessity  of  calculat¬ 
ing  derivative*  of  the  approxisatir^  function  (see 
capsule  senary  C-1S)  t»  the  area  distribution. 
However,  Lansing  used  a  different  mathematical 
approach  and  his  resulting  overpressure  equation 
is  also  differ cr* 


The  utility  of  this  method  is  scrovhat  re itrict,  d 
because  it  does  net  allow  the  calculatl*  ef 
pressure  signatures  in  detail  but  only  a. lows  for 
computation  of  the  asymptotic  bow  shock  over¬ 
pressure. 

C-2? 

SCHE  HOMASV.’iPCCTIC  EFFECTS  OH  THE  SCi.'IC  B3C(i  CF 

LARGE  AlRPLAliSS 

F.  Edward  McLean 

HAS  A  TH  1>-2S77,  June  1965 

This  paper  presents  the  results  of  an  investi¬ 
gation  into  the  possible  inapplicability  of  the 
asymptotic  far-ficld  sonic  loom  theory.  In  order 
to  determine  under  what  conditions  this  nay  occur 
several  equivalent  bodies  of  revolution  repre¬ 
senting  a  large  airplane  at  transonic  flight 
conditions  were-  studied  both  analytically  are. 
exper  iiscn  ta  1 1  y . 

A  condisensionalised  form  of  Whithas’s  non- 
asyeptotic  formula  (see  capsule  summary  G-3)  is 
used  to  calculate  the  bow  shock  overpressure 
versus  altitude  for  typical  large  supersonic 
transports  having  the  equivalent  bodies  chosen. 

The  resulting  data  show  that  at  a  Mach  number 
of  1.414  the  pressure  field  of  an  airplane  230 
feet  long  weighing  450,000  pounds  would  exhibit 
nonasymptotic  effects  at  the  asswied  normal 
operating  altitude  of  44,000  feet.  Furthermore 
the  asymptotic  variation  of  bow  shock  overpressure 
would  not  begin  until  from  220,000  to  several 
million  feet  from  the  body,  depending  upon  the 
body  characteristics.  The  results  also  show  that 
the  are*  distribution  of  the  equivalent  body  of 
revolution  has  a  significant  influence  on  the 
manner  in  which  the  bow  shock  pressure  rise 
parameters  approach  their  respective  asymptotes. 

In  order  to  experimentally  verify  Khith*s’s 
general  (near-field)  theory,  wind  tunnel  pressure 
measurements  wers  cade  at  a  JUch  number  of  1.414 
in  the  flow  field  of  bodies  of  revolution  repre¬ 
senting  various  supersonic  transport  configura¬ 
tions  at  an  altitude  of  4600  feet  for  an  assumed 
airplane  length  of  230  feet.  The  measured  pressure 
signatures  are  then  compared  with  those  calcu¬ 
lated  from  a  r.gorous  application  of  Khithas’a 
general  theory  .’see  capsule  summary  G-3) .  The 
resuits  show  that  the  genet*,  theory  pro  rides  £ n 
extremely  good  representation  of  the  find  pres¬ 
sures  for  all  body  shapes  chosen.  The  fi  jure 
below  is  a  typical  example  of  the  correlation 
obtained .  . 
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Previous  investigations  by  Cook  (soc  capsule 
sunnary  G-24)  and  Smith  (see  capsule  sunnary 
G-12)  also  demonstrated  the  validity  of  Whithorn's 
near-field  theory.  The  agreement  of  the  measured 
and  calculated  pressures  was  not  quite  as  good 
in  those  papers  as  that  found  by  McLean,  however. 

This  paper  was  the  first  to  suggest  that  far- 
field  theory,  may  not  bo  valid,  even  for  fliqht 
at  high  altitudes. 

G-28 

A  HIND  TCJiniCL  INVESTIGATION  OF  THE  EFFECT  OF  BODY 

SHAPE  OH  some  BOOM  PRESSURE  DISTRIBUTIONS 

Harry  W.  Carlson,  Robert  J.  Mack,  and 

Odell  A.  Morris 

NASA  TN  D-3106 ,  November  1965 


This  paper  further  demonstrated  the  iri[wrtancc 
of  near-field  effects  and  the  importance  of 
using  near-field  theory  when  the  asymptotic 
far-field  theory  is  inapplicable. 


G-29 

A  NUMERICAL  METHOD  FOR  CALCUtJVTIHG  HEAR  FIELD 
SONIC  BOOM  PRESSURE  SIGNATURES 
Wilbur  D.  Middleton  and  Harry  W.  Carlson 
HAS A  TH  0-3032,  Uovenbor  1965 

A  numerical  method  is  given  for  calculating 
near- field  pressure  signatures  from  Whitham's 
F(y) -function.  The  solution  is  suitable  for 
use  on  digital  computers. 


Pressure  signature  measurements  were  made  at 
distances  of  up  to  20  body  lengths  from  eight 
slender  bodies  of  revolution  at  Mach  numbers 
of  1.26,  1.41,  and  2,01.  The  measured  signa¬ 
tures  were  then  compared  with  those  calculated 
using  Whitham's  general  formula  (see  capsule 
summary  G-3).  Minimization- concepts  are  also 
discussed. 


The  results  showed  that  the  measured  signatures 
were  in  good  agreement  with  Whitham's  general 
theory  and  that  values  of  maximum-overpressure 
parameter  are  often  much  lower  than  estimates 
based  on  the  far-field  asymptotic  formula. 
Typical  comparisons  are  shown  below.  These  re¬ 
sults  are  the  same  as  McLean's  results  (see 
capsule  summary  G-27) .  It  was  also  found  that 
near-field  theory  and  experiment  were  in  rea¬ 
sonably  good  agreement  for  a  blunt-nosed  body 
for  which  application  of  Whitham's  slender 
body  theory  would  appear  to  be  questionable. 
This  result  is  in  agreement  with  the  earlier 
findings  of  Kane  (ace  capsule  summary  G-14) . 


Experiment 
Neor-field  theory 


The  method  presented  hero  is  based  upon  a 
transposition  of  the  F(y)  function  to  a  tilted 
F(y)  or  F(yt>  ,  where  yfc  *«  y-k  VFF(y).  Replacing 
y  by  y  corresponds  to  replacing  the  linear 
characteristic  by  the  corrected  characteristic 
of  Whitham's  theory  (see  capsule  summary  G-3). 
Pressure  disturbances  are  propagated  along  the 
characteristics,  and  the  imcnituue  of  these  dis¬ 
turbances  is  directly  related  to  the  F(y)- 
f unction  through  Whitham’s  general  formula  (see 
capsule  summary  G-3) .  The  transformation  results 
in  a  picture  of  the  location  of  each  pressure 
perturbation  in  the  flow-field  at  the  distance 
r  (for  a  definition  of  the  nomenclature  used 
here  see  capsule  3unmary  G-3) . 

The  shocks  are  located  from  the  F(y  )  curve 
using  a  numerical  version  of  Whitham's  "area- 
balar.cing"  technique  (see  capsule  summary  G-3) . 
This  involves  dividing  the  F(y  )  curve  into  left- 
and  right-running  branches  andprogrossively 
integrating  to  find  the  area  under  these  curves. 
This  running  integral  is  called  I(yfc).  This  is 
equivalent  to  planiretcring  the  area  confined 
within  the  boundary  of  the  F(y )  curve  and  the 
line  F(y  )  «  0.  Numerically,  this  is  done  by 
considering  all  of  the  left-running  lines  to 
contain  negative  area  between  the  curve  boundary 
and  the  line  F(yfc)  *  0  and  taking  the  corres¬ 
ponding  area  for  ‘the  right-running  curves  to  be 
positive.  The  most  negative  value  of  yfc  for 
which  I(yt)  *  0  corresponds  to  the  location  of 
the  vertical  line  which  cuts  off  equal  areas  of 
the  first  tilted  lobe.  This  is  the  bow  shock 
location.  Successive  shocks  are  located  at 
appropriate  crossover  points  of  the  right- 
rti 'ling  branches  of  the  l(y  )  curve,  where  the 
values  of  I(yt)  are  equal.  All  of  the  necessary 
steps  can  be  performed  in  a  straightforward 
manner  on  a  digital  computer.  The  figure  below, 
which  was  taken  from  tnis  paper,  illustrates  the 
basic  steps  of  this  technique. 


Campanula  of  manured  tlgiialiire  and  Whitham  s  general  theory 
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Method  fur  determining  near-fleld  signature 


wing-body  model  was  tested  in  the  Langley  4x4  foot 
si’per  sonic  wind  tunnel  at  Mach  numbers  of  1.41  and 
2.01. 

Whitham’s  asymptotic  formula  (see  capsule  sum¬ 
mary  G-3)  was  used  to  compute  the  theoretical  bow 
shock  overpressure.  The  predicted  overpressures 
were  in  close  agreement  with  those  measured  for 
all  configurations  and  Mach  numbers  tested. 

The  close  agreement  between  calculated  and 
measured  overpressures  demonstrated  that  the 
existing  theory  was  adequate  for  estimating  the 
influence  of  large  body  interference  on  the  bow 
shock  overpressure. 

In  an  earlier  investigation  Maglieri  (see 
capsule  suEtnar'-  C  ■’0)  used  flight  measurements 
to  demon <5 <-rv.ee  the  accu.  'ey  of  sonic  boom  theory 
in  predicting  the  manner  ii.  which  lift  and  volume 
effects  combine  in  the  generation  of  3hock  waves. 
This  paper  deals  more  specifically  with  the  inter¬ 
ference  between  voltnc  and  lift. 

This  is  a  very  concise,  well-written  paper. 

G-31 

APPLICATION  OF  RICHARDSON'S  EXTRAPOLATION  TO 
NUMERICAL  EVALUATION  OF  SONIC-BOOM  INTEGRALS 
William  B.  Igoe 
NASA  TN  u-3006,  March  1967 

This  paper  presents  a  numerical  method  of 
evaluating  the  integrals  in  Whitham’s  non- 
ar.ymptotic  and  general  formulas  for  the  sonic 
boom  overpressure.  The  method  is  well  suited 
for  use  with  Richardson's  extrapolation.  The 
application  ■■>£  Richardson's  extrapolai ion  as  > 
a  method  of  ; . iving  the  accuracy  •■>:  the  jcnic 
boom  integrals  is  ‘.h’n  denonsti.v-jcl. 

The  method  deals  with  the  evaltv->on  of  Pixi  uni 
X (x) ,  where 

X  s’ 

F(x)  -J dr.  and  I(x)  *  J  F (?)  dC  . 
o  o 


Numerical  methods  had  been  given  previous  to 
this  one  for  computing  far-field  pressure  signa¬ 
tures  (see  capsule  stmmaries  G-13  and  G-23,  for 
example) .  Calculating  the  near  field  signature 
was  a  more  difficult  task,  however,  due  to  its 
greater  complexity.  As  a  result,  this  method 
proved  to  be  a  valuable  addition  to  sonic  boom 
prediction  techniques.  For  example,  this  is  the 
method  used  by  Hayes  in  NASA  CR-1299  (see  capsule 
simnary  (p-38)  for  computing  the  signatures. 


G-30 

WIND  TUNNEL  INVESTIGATION  OF  SONIC  BOOM 
CHARACTERISTICS  OF  A  DELTA-WING-BODY 
COMBINATION  AT  HACK  NUMBERS  OF  1.41  AND  2.01 
Odell  A.  Morris 
NASA  TN  D-3455,  June  1966 

The  purpose  of  this  investigation  was  to  deter¬ 
mine  whether  or  not  the  large  lift  interference 
effects  produced  by  a  wsdge-shajied  body  mounted 
on  a  thin  delta  wing  could  be  evaluated  theoreti¬ 
cally  to  obtain  reasonable  estimates  of  the  tonic 
boom  overpressures.  To  accomplish  this  a  delta- 


Herc  A(x)  is  the  effective  cross-sectional  area 
of  the  equivalent  body  which  combines  the  effects 
of  volume  and  lift,  nondimensionalised  with  re¬ 
spect  to  the  square  of  the  equivalent  body  length. 
F(x)  is  the  Whitham  F-function,  and  X  and  f  are 
the  longitudinal  distance  from  the  nose  along 
the  equivalent  body  axis  nondimensionalized  witn 
respect  to  equivalent  body  length.  The  second 
derivatives  of  the  effective  area  distribution 
are  approximated  by  using  the  three-point 
formula  of  the  standard  central  difference 
technique,  which  is  equivalent  to  taking  the 
second  derivative  of  a  parabolic  arc  which  is 
passed  through  three  adjacent  points.  A  check 
of  the  AM(x)  approximation  is  then  obtained  by 
integrating  twice  to  obtain  A(x)  .  .  .  The  second 

deviatives  are  then  used  to  obt*fne§Xpressions 
for  F(x)  and  I(x)  in  terms  of  h,  the  width  of 
the  interval  in  X  between  regularly  spaced  body 
stations.  This  is  a  form  which  is  suitable  for 
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an  error  analysis.  The  dependence  of  the  solution 
error  on  the  interval  spacing,  h,  is  analyzed  and 
only  the  lowest  order  terns  arc  retained.  A 
solution  with  increased  accuracy  is  then  obtained 
by  using  Richardson's  extrapolation  to  determine 
the  solution  which  would  result  from  an  interval 
spacing  of  zero.  Finally,  some  ntsnerical  exam¬ 
ples  arc  presented  to  show  a  possible  applica¬ 
tion  of  the  extrapolation  technique. 

The  numerical  procedure  for  evaluation  of  F(x) 
and  I (x)  used  in  this  paper  is  essentially  the 
same  as  Carlson's  (see  capsule  sunsnary  G-23) ,  the 
main  difference  being  in  the  method  by  which  the 
derivatives  of  the  equivalent  body  effective  area 
distribution  are  obtained.  The  standard  central 
difference  formulas  were  used  for  this  step  in 
this  paper  because  it  appeared  most  readily 
amenable  to  an  error  analysis  and  to  the  sub¬ 
sequent  application  of  Richardson's  extrapolation. 
In  addition  to  Carlson's,  several  other  numerical 
methods  for  use  in  sonic  boom  theory  were  avail¬ 
able  at  the  time  this  report  was  published  (see 
capsule  stannaries  G-13,  G-12,  and  G-22,  for 
example) . 

This  method  is  suitable  oriiy  for  smooth  bodies 
and  is  somewhat  cumbersome.  Direct  application 
of  the  Stieltje's  integral  (see  section  2.3  of 
Volume  I  of  the  Sonic  Boom  Literature  Survey) 
eliminates  the  necessity  of  deriving  the  second 
derivative,  which  is  what  causes  all  the  prob¬ 
lems. 
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A  HEAR-FIELD  /PI’ ROACH  TO  THE  SOIJIC  BOOM  PROBLEM 

F.  A.  Woodward 

I1ASA  CR-7310?  (joeing  Document  Ho.  D6-15046) 

August  1967 

This  paper  presents  the  results  of  an  inves¬ 
tigation  into  the  feasibility  of  applying  a 
wing-body  analysis  method  which  differs  frost 
Whitham's  to  the  problem  of  calculating  the 
pressure  signature  in  the  near  field.  In  this 
method  the  configuration  is  represented  by  a 
spatial  distribution  of  singularities  located 
in  the  plane  of  the  wing  and  along  the  body 
axis.  This  was  done  with  the  hope  that  an  im¬ 
proved  theory  in  the  near  field  may  give  addi¬ 
tional  understanding  of  the  wave  interaction 
problem,  which  in  turn  could  lead  to  new  tech¬ 
niques  for  modifying  or  reducing  the  pressure 
signatures  in  the  far  field. 

Using  the  method  described  above,  two  different 
expressions  for  the  characteristics  arc 
developed  in  terms  of  the  singularity  strengths 
and  perturbation  velocities.  One  expression  is 
for  low  Mach  nusbers  and  the  other  is  for  high 
Mach  numbers.  The  shock  locations  are  then 
determined  by  placing  them  at  the  intersection 
of  this  characteristics  in  such  a  manner  that  the 
angle  of  intersection  is  bisected  -  the  same 
method  that  Wh^tham  used.  The  shock  locations  for 
a  10  and  a  ID  half-angle  cone  are  thei  deter¬ 
mined  using  both  this  method  and  Whitham's  method 
and  the  results  are  compared  with  the  "exact" 
shock  location  determined  from  shock  tables.  The 
rasults  show  that  whitham's  formula  is  definitely 
inferior  for  IS*  cones  at  all  Mach  numbers,  and 
for  10*  cones  above  !!„  «  2.0.  This  is  not  a 
surprising  result,  since  Whitham's  method  in  the 
near-.field  applies  only  to  slender,  pointed 


bodies  at  low  Mach  lumbers,  while  no  such 
assumptions  wore  made  in  deriving  the  method 
used  in  this  paper. 

It  was  concluded  by  Hicks,  Mendoza,  and  llunton 
that  Whitham's  theory  is  not  valid  above  Mach. 

3  (see  capsule  stannary  G-33) .  In  view  of  this 
and  in  view  of  the  fact  that  Whitham's  theory 
applies  only  to  slender  bodies,  it  appears  that 
the  method  outlined  in  tins  paper  night  serve 
as  a  useful  complement  to  Whitham's  theory  for 
nons lender  axisynmetric  bodies.  But  the  nc^lioti 
described  here  is  not  valid  for  use  with  t-hres- 
dimensional  flows,  since  no  correction  of  the 
azimuthal  position  of  the  characteristics  is  mnuc 

G-33 

SOHE  EFFECTS  OF  MACH  HUMBER  AMD  GEfilKTR/  OH 

SOHIC  BOOM 

Raymond  M.  Hicks,  Joel  P.  Mendoza,  and 

Lynn  W.  Hun ton 

MASA  TN  D-4214 ,  October  1967. 

The  results  of  an  investigation  into  the  validity 
of  Whitham's  theory  at  hypersonic  Mach  numbers 
is  presented.  The  effect  of  changing  the  geccotry 
of  hypersonic  configurations  on  the  senic  boost 
level  is  also  investigated. 


Five  models  were  tested  in  the  Ames  9-  by  7 -Foot 
and  8-  by  7-Foot  Wind  Tunnels  at  Mach  numbers  of 
2  and  3  respectively  and  at  Mach  mashers  of  4 
and  S.5  in  the  21-Inch  Hypersonic  Kind  Tunnel 
of  the  Jet  Propulsion  Laboratory.  The  medals 
were  a  7.5  half-angle  cone  cylinder,  a  model 
of  the  X-15  airplane,  and  three  hypersonic 
transport  models:  a  blended-wing-.body ,  «  delta¬ 
wing-body,  and  ar.  all  body  configuration. 

The  comparison  between  experiment  and  theory 
was  made  for  an  altitude  of  100  body  lengths . 

Since  it  was  not  practical  tc  obtain  wind-tunnel 
data  at  this  distance  from  the  model,  an  experi¬ 
mental  technique  developed  at  Anas  for  deriving 
sonic  boom  characteristics  from  near  fioid  data 
for  any  greater  altitude  was  used.  This  consists 
of  determining  the  F- function  from  a  near  field 
pressure  signature  measured  in  the  wind  tunne) . 
Once  the  F-function  is  known  the  pressure  Signa¬ 
ture  at  any  highor  altitude  car.  be  calculated  toy 
using  Whitham's  theory.  For  a  description  of  thi? 
extrapolation  technique ,  ?  'c  capsule  s’snnary  G-34 . 

A  comparison  of  wind  tunnel  data  with  Wiilthara  * 
cheory  showed  that  the  correlation  is  fairly  good 
at  Mach  numbers  of  2  and  3  but  theory  deviates 
rapidly  from  experiment  above  Mach  3.  Theory 
underprodicts  the  strength  of  the  bow  shock 
at  Mach  ntmbers  of  4  and  5.5,  whilA  it  r-vor- 
prediets  the  experimental  shoe),  angle  »t  hit;); 

Mach  numbers.  The  figure  below,  token  free*  ihia 
paper,  illustrates  the  Kach  nratosr  effect. 
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Earlier  inve«tig*t5c..s  had  confirmed  the  validity 
of  sonic  boas  th  ory  in  predict.^. V;  both  lift  and 
volume  effects  tc-r  Mach  insaber?  leas  than  three 
(see  capsule  stmwia..  "  .3-15,  G-24,  G-7,  09, 

012,  G-16,  G-^0,  023,  G-1G,  o-25,  and  G-30) . 
This  investigation  defined  the  limits  of 
Ift.Xthara's  theory,  as  far  as  Mach  nuniwr  is 
concerned. 


This  err*"- -i; ieat.il  1-/  d;.-® rained  F-#UHCtt*-« 
can  (-hen  he  uses!  io  sister**  "re  the  pressure 
signature  at  soy  diatar.ee  ratio  grnaie r  than 
that  used  fer  tlm  origin*.',  msacureatenr.  by  a 
direct  App'i jeetisr.  of  Shichaa^a  method  (sec 
capsuli  »'twty  03} 

To  check  Ui?  validity  of  tsii  technique  «  12- 
iech  model  of  the  XS-70  sirplanc  wan  tested  in 
the  burnt  5-  by  7-Poot  Wind  Tunnel  at  a  Mach 
number  of  1.3  «ml  et  dist®»ce  ratios,  S/9,  of 
1.0  and  4.5  ({  ~  length  of  a.rplant,  r  »  distance 
freffl  airplane} .  The  pressure  signature  t-hfcained 
at  a  distance  ratio  of  1.0  was  used  to  prodivt 
pressure  signatures  at  distance,  ratios  of  4*5  and 
290.  The  latter  distance  ratio  co r responded  to 
available  flight  data  for  the  XB-70.  The  results 
(see  figure  below}  showed  good  correlation  be¬ 
tween  the  derived  pressure  signature  and  the 
wind  tunnel  measured  signature  at  a  distance  ratio 
of  4,5  and  between  the  derived  signature  and  the 
flight  measured  signature  at  r/f  “  290  (except 
for  a  slight  discrepancy  in  the  location  of  the 
tail  shock,  which  was  thought  to  be  duo  to  a 
sting  support  which  teas  too  short and  to  the 
failure  of  the  code!  to  simulate  *.ic  flow  of  hot 
gases  from  the  engines} . 


This  is  a  very  clear,  co.iciso  report  with 
woll-chosen  figures. 
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PREDICTION  OF  AIRCRAJT  SONIC  BOOM  CItARACTE  RI5TICS 
FROM  EX«£ ST’*an~-  .tAR-FIELD  RESULTS 
Raymond  Kicks  and  Joel  P.  Mendoza 
NASA  tf»  X-1477,  Kousmbor  19G7 

This  paper  present*  the  results  of  a  study 
conducted  to  determine  the  extent  to  which 
measured  near-field  pressure  signature  data 
can  be  used  for  predicting  the  general  over¬ 
pressure  characteristics  of  a  given  configura¬ 
tion,  The  motivation  for  this  method  V.-s  the 
difficulty  in  calculating  an  accurate  -neoretical 
lift  contribution  to  the  irplane  equivalent 
area  distribution. 


r/1  •  4,5 

O  Mee»ur*4 


The  utility  of  this  method  is  demonstrated  in 
another  investigation  performed  by  Hicks,  Mendoza, 
and  Hun  ton  (sec  capsule  avssmary  G-33} ,  where  t 
is  used  in  conjunction  with  a  wind  tunnel  study 
to  determine  the  Mach  number  limitations  of 
Whitham’a  theory. 
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The  oetliod  used  is  a  straightforward  applica¬ 
tion  of  Whitman's  theory  in  the  near-fic-ld.  The 
pressure  signature  is  treasured  in  the  wind 
tunnel  a  short  distance  from  the  model  and  the 
f- function  of  the  model  is  determined  from  thio 
signature  using  the  following  two  equations t 


F(y) 

whsre 


&P(y> 


7M 


>•  y  -  x 


Sr^+kr^2  F(y) 


A- 

P  -  undisturbed  reference  pressure 
£P(y>  «  sonic  boost  overpressure  at  y- 
location 
r  »  altitude 


k 


(V  *  1)  M4 

J2  P  V2 


y  «  distance  along  longitudinal  axis 
of  aircraft  measured  from  the  nose 


The  significance  of  this  testing  technique 
lies  in  the  fact  that  it  generally  permits  th# 
stud*/  of  larger,  more  accurate  models  and  smaller 
distance  ratios  which  result  in  increased  pres¬ 
sure  levels  and,  therefore,  better  definition  of 
the  pressure  signature.  Furthermore,  use  of  this 
technique  permits  accurate  sonic  boom  predictions 
to  be  made  without  the  calculation  of  an  accurate 
theoretical  lift  distribution  and  inte.rerence 
effects.  These  both  present  some  limitations  due 
to  real  flew  effects  such  as  local  boundary  layer 
separations. 
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EXPERIMENTAL  AND  ANALYTICAL  RESEARCH  ON  SOHIC  BOOH 

GENERATION  AT  NASA 

Harry  N.  Carlson 

NASA  SP-147,  Sonic  Boom  Research,  1967,  pp  9-23 

This  is  a  sisamary  of  sonic  boon  research  by  the 
NASA  during  the  period  from  1958  to  1967.  Sonic 
boom  generation  theory  is  reviewed,  and  sevoral 
examples  of  wind-tunnel  and  flight  test  verifica¬ 
tions  of  the  theory  are  given.  It  is  concluded 
that  the  most  important  contributions  made  by 
NASA  research  during  this  period  are  as  follows: 


IS 


it*  t-'fii Tham-rialtui.-’TsH.-es  theory  was  y,YXteje<i 

in  wi/ui  tvviftfii  tests  of  simple  Wciji;  S'Kl  bodies. 

riu!  tp'Hj'y  wa-  estrtr-deti  to  cover  real 
S-V-li'-T?  ’-•  r*s  tiovclopofer,-.  »f  nCavbic^i  (tetdiods 
r-rot.ti;uy.c('  for  use  cas  high-speed  dig itai.csSij'ukers. 

I'J)  '-'iu2  mcrIo  boon  jxregrap  and  related  pronramc 
were  made  avaiiajiiu  Co  thn  airframe  industry  and 
v /ore  in  wiiie»p“.-«j  use, 

i'll  Tlic  general  cvUcahility  of  th.i  pvoiUciior* 
•H-thodi)  tc  aitpl.mc  steady  level  flight  wore 
r  mis.  m  ir.  correlatino  with  CKnr.al  and  flight- 
test  (Iota. 

{-“•)  tr’.nirii ration  concepts  rsx-rc  dovolopod  and 
vitrified  in  wind-tunnel  torts. 

Earlier  cat.lzo-u  had  given  a  gocti  summary  of  the 
it into  ef  tlte  art  of  sonic  boon  generation  theory 
•v.  of  1364  (sett  cetssuie  aumaty'  C— 26) ,  This  pupex 
vend  the  same  p'.urpc3e  tor  !•?>?. 

C-3C 

Wf  ESTIMATE  or  filS  SSTJ  i  CftJtC  flOS  FlCi  1  AftW?  Ail 
aiusvicettric  body  with  ah  ii-uuve  pkes-idm;  track 
Roger  i.uident 
NASA  H:  D-4S35,  ifeewnber  19C2  ■ 

An  analysis  of  the  flow  freed  about  at  axisyn- 
netric  Ixviy  at  zero  angle  of  attack  which  produces 
an  Sl-ciavc  pressure  trace  is  presented.  The  pur¬ 
pose  is  to  develop  closed  fens  relations  for 
estimating  the  maximum  overpressure  and  length 
cf  the  pressure  na  .mature. 

The  analysis  differs  fron  Whithaii'i,  approach 
in  that  tlic  assumption  of  nonisontropic  flo« 
is  made  frem  the  beginning.  The  analysis  is 
then  rude  based  on  the  conservation  equations 
of  mats,  momentum,  and  energy,  rather  than 
l’riedrichs'  hypothesis,  that  of  patching  separate 
isentropic  solutions  b/  interposed  shocks.  This 
method  shows  how  the  entropy  increase  in  tho 
flow  field  shock  waves  contributes  to  the  atten¬ 
uation  of  the  shock  v™  initial  static  pressuro 
rise  with  increasing  Ji stance  from  the  body.  This 
effect  occurs,  iraplici  tly  in  whitham's  far  field 
analysis,  which  is  baaed  upon  Friedrichs'  hypothesis. 

Results  calculated  fron  the  derived  closed  fom 
expressions  for  the  naxiefun  overpressure  and  the 
length  of  the  positive  lobe  of  the  pressure  signa¬ 
ture  are  compared  with  data  obtained  froei  a  pre¬ 
vious  wind  tunnel  study  (seo  capsule  siwrary  G-2H) . 
Tho  agreement  is  found  to  be  fairly  good,  indi¬ 
cating  that  this  may  be  a  convenient  method  for 
estimation  purposes.  This  work  is  direv.’-ed  mainly 
toward  improving  on  Whitham.  As  a  result  it 
better  estimates  results  for  nonslendcr  bodies 
and  higher  Mach  nwnbers  where  the  isentropic 
assumption  breaks  '  -m.  However,  Whitham’s  theor. 
is  more  than  adequ  .a  for  most  engineering 
applications. 

G-37 

THE  GENERATION  OF  SHOCK  WAVES  BY  SUPERSONIC 

PROJECTILES 

Harry  L.  Runyan 

Presented  at  Short  Course  cn  Generation  and 
Propagation  of  Shock  Waves  With  Application  to  sonic 
Boom,  The  University  of  Tennessee  space  Institute, 
Tuilahoma,  Tennessee,  December  12,  I960 

This  paper  presents  a  description  of  Whitham's 
theory.  It  ie  a  well-written  paper  that  is  vary 


cicnr  ih  its  vSplanutlo.TS  of  the  de,*?vati->n  ».■«! 
concepts  of  Siin  khvivy ,  Tor  3  discussion  of 
THiithas-'s  theory  the  leader-  ir.  rvft'xsc*  t.  c.ir* 
suit  witvzary  c<-  3 . 

G-3b 

»  L;i~r ir-U>  SOKIC  WAVEfORMS 

P.  rioehaes  j.V  r.  Edward  McLean 

Af *V.  -oum*!,  Jims  lsesr,  np,  iitl-UtO 

A  florrsction  *  o  MhiMisri'a  far- field  (aayry'tctic) 
Have ■f.'jXF-  ’  5  preHcnted  >H  this  httc.  The  CDsreoCio?, 
t,-,'  relocation  of  the  rea?  shock  To  con- 
IWKSStt  r«-;-  ; rail  pressure  vast  wl the 
ultimate  equivalent  batty  radius  it  hc.nrcto  (rbich 
ie  tho  case  w5:{>ncv<>;  ~.'-  :rc  if  '  ift  ai.tino  r>h  t-A. 
body)  «  Whithar.  did  not  ,'i.  -  this  c-yrroexio;,  m 
bin  originu.’.  theory  (sci-  Cki.^uIc  -umary  C-i) . 

Th-.  inclupiofi  of  this  ccrreytioh  was  found  to  bo 
h'scessai.y  in  order  to  properly  account  for  the 
transfer  ct  i-<e  airplane  weignt  to  the  ground. 

Th*  Additional  term  is  proportional  to  ri/8 . 

Th*--  correct  first  order  results  for-  the  location 
of  the  front  and  rear  shock  waves,  the  pressure 
fceiii;.;’-  the  front  shock,  the  linear  ducyt-ase  with 
X  to  itc  value  ahead  of  tho  roar  shock  wave,  and 
the  pressure  ;r.  tho  tall  wave  behind  the  rear 
shock  are  given  i;:  this  paper.  Tho  HASA  Langley 
computer  program,  which  is  based  ujxm  the  near- 
flcld  method  developed  by  Middleton  and  Carlson, 
was  used  to  determine  tlic  pressure  signature 
below  an  XB-70  airplane.  This  result  is  compared 
with  the  corrected  and  iwcorrcctcd  far-fieJd 
waveforms.  The  corrected  wavofom  shows  much 
better  agreement  v/ith  the  computed  waveform  in 
the  region  of  the  rear  shock  than  Whithan's 
classical  far-field  waveform. 

In  an  earlier  paper  (see  capsule  summary  G-17) 
Sigalla  used  the  full  linear  theory  to  demon¬ 
strate  the  transfer  cf  weight  fron  a  lifting 
body  to  the  ground.  On  the  basis  of  his  stuciy  he 
concluded  that  ths  front  lobe  of  tho  asymptotic 
far-field  waveform  nust  be  larger  than  the  rear 
lobe,  including  the  tail  pressure  wavs .  The 
present  paper  demonstrates  that  this  is  the  ease 
and  shows  how  the  size  of  the  roar  lobe  must 
be  adjusted  tc  compensate  for  the  tail  pressure 
wave. 

G-39 

LABORATORY  SO»IC  DOOM  RESEARCH  MID  PREDICTION 

TEC1DJI0UES 

Harry  H.  Carlson 

NASA  SP-1S0,  Second  Conference  cn  Sonic  Boom 
Research,  1968,  pp.  29-36 

This  report  is  an  update  of  the  paper  presented 
by  Carlson  at  the  previous  NASA  scnlc  boon  con¬ 
ference  (see  capsule  summary  G-35! .  It  considers 
the  refinement  of  prediction  techniques  discussed 
in  the  previous  paper,  and  the  extension  of  wind- 
tunnel  tests  into  the  low  hypersonic  speed  range. 

It  is  shown  that  a  more  complete  theoretical 
treatment  which  considers  tho  angle  of  attack 
attitude  in  area  and  lift  developments,  and 
which  accounts  for  interference  effects  by 
employment  of  a  warped  lifting  surface  in  con¬ 
junction  with  a  cenard  results  in  an  improved 
correlation  between  theory  and  wir.d-tunnol 
measured  signatures  in  the  extreme  ne*  -  field 


29 


of  a  convex  airp.la.TO  nodal .  It  is  also  shown 
that  taking  into  account  control  surface  deflec¬ 
tions  is  of  value  whenever  high  precision  is 
required  in  tlisorotical  predictions.  These  find¬ 
ings  are  illustrated  in  the  two  figures  below. 


M>  -5 

h  --  48,000  <1 
b  =  13*0(1 


-  Flight  data  '-7.V 

— -  Theory  5(*0' 

~ —  th*(K»  4t*V.S* 


T!>e  near-field  extrapolation  technique  discussed 
here  uses  a  measured  near-fiel:!  prensure  signa¬ 
ture  to  determine  the  .F- function  of  the  model. 
This  P-fui.ction  can  titon  be  used  in  conjunction 
with  Hhithaa's  theory  to  find  the  pressure  signa¬ 
ture  at  any  greater  distance.  This  technique  is 
discussed  fully  in  the  paper  stmarixod  in  cap¬ 
sule  summary  G-34. 

The  high  Mach  number  study  showed  that  the 
validity  of  Whlthan's  theory  decreases  above 
Mach  3.0.  For  further  details  of  this  study  see 
capsule  auranary  G-33. 

Tb<*  minimization  iitudy  is  summarized  in  capsuie 
suftl*ary  H-3i, 


This  paper  is  a  good  brief  sumary  of  the  re¬ 
sults  of  several  investigations  discussed  in 
depth  elsewhere. 
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MOMtTMEnR  EFFECTS  OH  SOilIC  BOOM  INTENSITY 
M.  T.  Londahl,  I.  L.  Ryhainq ,  and  L.  Kllding 
I  IAS  A  SP-180,  Second  Conference  on  Sonic  Boon 
Research,  1968,  pp  117-124 

Tim  method  of  matched  asymptotic  expansions  is 
used  in  this  paper  to  assess  the  importance  of 
second-order  effects  on  the  flow  field  in  sene 
simple  cases.  The  Method  consists  of  expanding 
the  perturbation  velocity  in  the  far  field  in 
terms  of  t,  a  thickness  parameter  of  the  body, 
;r-?er  ting  the  expansion  into  the  partial  differ¬ 
ential  equation  for  the  velocity  potential  and 
equating  trras  of  like  power  in  e.  The  resulting 
equations  are  solved  to  get  parametric  far-field 
solutions  for  the  perturbation  velocity  and  the 
characteristics.  The  solution  is  then  completed 
by  matching  the  first-  and  oecor.d-order  far 
field  solutions  with  the  first-  and  second-order 
inner  solutions,  respectively.  T.ie  cases  studied 
are  two-dimensional  flow,  axisymnetric  flow, 
over  a  slender  body  and  three-dimensional  non- 
axisymmetric  flow. 


The  preliminary  low  hypersonic  wind  tunnel  tests 
discussed  indicate  that  the  validity  of 
Whif.  han't  theory  decreases  above  Mach  3.  An 
in-depth  discussion  of  these  measurements  can 
be  found  in  the  paper  summarized  in  capsule 
sunmary  G-54. 

This  is  a  good  s ternary  of  the  advancements  made 
in  sonic  boom  theory  between  196 7  and  1968. 


CURRENT  RESEARCH  If)  SONIC  BOOM 
Lynn  W.  Hunton 

NASA  SP-180.  Second  Conference  on  Sonic  Boom 
Research,  1366,  py.  57-66 

This  paper  reviews  the  research  conducted  on  the 
sonic  boom  at  the  NASA  Ames  Research  Center  during 
the  1967-68  time  period.  This  Included  the  develop¬ 
ment  of  a  new  near-field  experimental  data  method, 
a  study  of  the  effects  of  Mach  number  to  5.5,  and 
a  boom  nlninlzatlc.i  study. 


For  two-dimensional  flow  the  expressions  for 
the  perturbation  velocity  and  the  characteristics 
are  derived  to  second  order  in  terms  of  the 
Much  number  and  airfoil  characteristics.  For 
axisymnetric  flow  over  a  slender  body,  the 
same  quantities  are  derived  in  terms  of  the 
Mach  number  and  a  second  order  F-function. 

Thir  second  order  F-function  is  defined  in  terms 
of  the  second  order  source  strength  distribu¬ 
tion.  For  nonaxlsymmetric  three-dimensional  flow 
no  second  order  near-ficld  solution  was  readily 
available;  hence,  the  second-order  correction  to 
the  P-function  could  not  be  calculated  for  this 


It  was  found  in  the  analysis  that  for  three- 
dimensional  flow  the  first-order  equation 
describes  the  far-field  wave  structure  very 
accurately  with  a  relative  error  of  only 
0<t4) .  As  a  co n**qucnc*  the  doeinating  higher 
order  effect  is  that  attributed  to  the 
nonlinear  relationship  between  body  slope  and 


disturbance  velocities  at  vte  outer  boundary 
of  the  near-field,  which  produces  a  second 
order  correction  to  the  K- function. 

An  example  calculation  is  made  ofNthe  first- 
arid  second-order  source  strengths  v^d  F-fiinctions 
for  a  parabolic  body  of  revolution  o\ thickness 
ratio  c  »  0.07,  The  results  show  that  xhs  second- 
order  effects  are  fairly  a£«ll  near  theNforward 
portion  of  the  body  but  quite  noticeable  \owsrd 
the  rear.  This  indicates  that  the  higher  oMer 
effects  would  .have  most  influence  on  the  reak, 
shock.  Also,  the  correction  torts  increases  in', 
magnitude  with  the  Mach  ntsnbcr,  so  that  it 
becomes  store  important  at  high  supersonic  speeds. 
The  figure  below  gives  a  comparison  of  calculated 
first  and  second  osrder  F- functions. 


Cinpartfoit  of  fini  and  sei  ond  order  Ffunctkim 


In  •  later  paper  (see  capsule  summary  G-62) , 
Landakl,  Ryhaing,  Sorenson,  and  Drougge  sake 
use  of  the  findings  of  this  paper  to  derive  a 
new  method  of  determining  sonic  bo oa  strength 
from  near-field  measurements.  In  this  tsethod, 
instead  of  measuring  a  pressure  distribution, 
the  streamline  inclination  angles  at  tho  edge 
of  the  near  flow  field  are  measured  along  li>rf-s 
of  constant  distance  froo  the  model  at  different 
azimuthal  locations. 

In  &pite  of  it*  limited  scope,  this  paper  does 
indicate  for  which  regions  of  the  flow  nonlinear 
effects  will  be  important.  The  treatment  of  this 
subject  is  continued  in  a  later  paper  by  La ndahl.- 
Ryhaing,  and  lofgren  (see  capsule  sustsary  G-el; . 
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preliminary  investigation  of  flow  fxei-o  analysis  on 

DIGITAL  COMPUTERS  WITH  GRAPHIC  DISPLAY 

Harvard  Lonax 

NASA  SP-180,  Second  Conference  on  Sonic  Boom 

Research,  1968,  pc.  61-71 

Results  are  presented  of  a  preliminary  investi¬ 
gation  into  the  development  of  methods  for 
numerical  calculation  of  the  flow  about  air¬ 
planes  moving  at  supersonic  speeds  by  reducing 
the  basic  partial  differential  equations  to 
difference  equations  which  are  programed  for 
a  digital  computer.  The  principal  difficulty  of 


thi-r  scheme  lies  in  the  fact  that,  it  implies 
a  continuity  in  the  dependent  variable*  tiiat 
dees  not  exist  for  the  initial  and  boundary 
values  that  arc  pertinent.  A  cathode  ray  tube 
connected  directly  to  the  high  speed  core  of  the 
computer  allows  use  to  be  made  of  the  visual  dis¬ 
play  in  an  attempt  to  isolate  the  shocks  from 
the  continuous  portions  of  the  flow  and  calcu¬ 
late  both  by  thoit  individually  appropriate 
techniques.  This  opens  the  possibility  of 
devising  new,  or  reviving  parts  of  old,  numerical 
techniques.  In  exploring  those  possibilities, 
preliminary  studies  indicated  the  following. 

(1)  Differencing  schemes  for  hyperbolic  partial 
differential  equations  governing  discontinuous 
function*  are  good  when  they  approach  spacings 
that  are  equivalent  to  the  method  of  character¬ 
istics,  and  this  property  is  not  necessarily 
connected  to  their  stability. 

(2)  Artificial  stabilizing  methods  based  on 
continuous  functions  not  only  force  errors  to 
decay,  but  also  can  force  tho  entire  solution 
to  (artificially)  decay.  Such  methods  do  not 
appear  appropriate  for  problems  involving  the 
sonic  boom. 

Results  obtained  using  the  method  described 
lie  re  are  discussed  in  a  later  paper  by  Lomax 
and  Kutler  (see  capsule  summary  G-63) . 
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SONIC  BOOK  GROUND  PRESSURE  MEASUREMENTS  FOR  FLIGHTS 

AT  ALTITUDES  III  EXCESS  OF  70,000  FEET  AND  AT  MACH 

NUMBERS  UP  TO  3.0 

Domenic  J.  Maglieri 

NASA  SP-180,  Second  Conference  on  Conic  Boom 

Research,  1968,  pp.  19-27 

This  paper  presents  the  results  of  an  investi¬ 
gation  into  tho  effects  of  extreme  altitude  on 
the  sonic  boom  generated  by  a  large  airplane. 

The  data  were  obtained  from  35  flights  of  the 
SR-71  vehicle  at  altitudes  in  excess  of  70,000 
fsat  and  at  Mach  numbers  to  3.0. 

The  data  showed  that  for  flights  above  70,000 
feet  the  bow  shock  overpressure  was  ir,  the 
neighborhood  of  0.9  p*f .  The  data  also  suggested 
that  the  increased  altitude  results  generally  in 
longer  rise  tine*  (see  figure  below).  No  unusual 
phenomena  ware  encountered  fur  the  ext r**“  alti¬ 
tude  and  Mach  number  ranges  of  these  tests,  and 
the  results  fit  generally  into  the  established 
pettems  of  other  available  sonic  boom  flight 
data  from  F-104,  B-58,  and  X3-70  aircraft 
Ssveral  results  concerning  propagation  aro  also 
discussed,  but  these  are  summarized  in  capsule 
summary  P-92. 

This  paper  contains  •;«■*■£  of  the  first  measure¬ 
ments  of  pressure  signatures  proouced  by  air¬ 
planes  flying  at  such  high  Mach  maabers. 
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SECOOD-OKDiR  HAVE  STRUCTURE  111  SUPERSONIC  TICKS 

David  A.  Cano hey 

URSA  OR- 1436,  September  1969 

This  paper  presents  a  second-order  perturbation 
theory  for  bodies  in  uniform  supersonic  flight 
in  an  inviscid  fluid.  Particular  emphasis  is 
placed  upon  the  behavior  of  the  wave  systems  at 
large  distances  from  the  body.  The  method  of 
matched  asymptotic  expansions  is  used,  which 
involves  matching  the  solution  at  large  distances 
to  a  local  solution  near  the  body  which  satisfies 
the  actual  boundary  conditions. 

The  essential  (or  cisiulativc)  nonlinearities  in 
the  solution  at  large  distances  from  the  body 
are  accounted  for  by  rescaling  the  independent 
variables  of  the  problem  in  such  a  way  as  to 
bring  these  non  linearities  into  the  linear 
problem.  The  resulting  first  order  equation  is 
nonlinear,  but  solvable.  The  higher  order 
equat'--s  are  again  linear. 

Fur  plan*-  fUvs,  the  solution  valid  at  large 
Jintanc-sc  from  the  bcay  (referred  to  in  this 
paper  as  the  wave  structure  solution)  is  uni¬ 
formly  valid  to  the  body  surface,  and  the 
boundary  conditions  ar*  applied  directly.  The 
simple  wave  results  of  Friedrichs  as  corrected 
and  extended  by  bighthill  r "General  Theory  of 
High  Sneed  Aerodynamics,"  Section  E,  Princeton, 
1954)  are  confirmed  for  this  case,  with  a 
minor  correction  noted  for  the  location  of  the 
rear  shock  at  very  great  distances  from  the 
body.  The  theory  does  not  provide  a  second- 
order  check  on  global  integrals  giving  lift  and 
drag  and  the  positions  of  the  trailing  shocks 


unless  account  is  taker,  of  local  tliird  order 
effects  ischind  the  trailing  shocks.  The  figure 
!>olow  shown  the  improvement  afforded  for  the 
front  s.tock  by  inclusion  of  second  order  effects 
for  the  flow  over  a  slender  wedge.  It  can  be 
seen  that  for  Mach  numbers  greater  than  2,  second 
order  theory  gives  a  significant  improvement 
over  first-order  theory. 


math  number 

Slun  k  angle  on  In-elee-degref  wedge 

For  flows  about  finite  bodies,  the  wave  structure 
(large  distance)  solution  must  be  matched  with 
a  quasi-cylindrical,  local  solution  to  provide 
the  inner  boundary  condition.  The  lack  of  local 
second  order  solutions  of  any  generality  results 
in  a  limitation  of  the  types  of  bodies  for  which 
full  second  order  solutions  can  be  obtained.  A 
reasonably  complete  second-order  theory  exists 
only  for  flows  over  a  body  of  revolution.  The 
matching  of  the  inner  and  outer  solutions  is 
considered  in  detail  for  these  flows.  The  nature 
of  problems  encountered  for  flows  about  non- 
axi symmetric  and  planar  bodies  is  discussed 
briefly. 

It  is  shown  that  the  local  second  order  solution 
determines  only  a  one-and-one-half  order  solu¬ 
tion  in  the  wav*  structure  region.  Thus,  evsn 
though  the  complete  general  solution  is  derived 
for  the  second-order  equation,  the  local  third- 
order  solution  is  required  to  effect  ths  match¬ 
ing  which  determines  the  inner  boundary  condi¬ 
tion,  arid  such  solutions  van  be  obtained  for  cnly 
ths  simplest  conical  geometries.  Kur.crlcal  re¬ 
sults  from  the  calculation  of  the  shock  position 
in  a  conical  flew,  as  shown  in  the  figure  below, 
indicate  that  the  onc-and-one-half  order  solu¬ 
tion  does  not  give  results  that  are  appreciably 
hotter  than  the  first  order  theory.  It  is 
necessary  to  go  to  the  full  second  order  theory, 
which  is  based  upon  the  local  third  order  theory, 
to  achieve  noticeable  improvement . 
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matched  asymptotic  expansions,  wherein  the 
solution  at  large  distances  from  the  body  in 
matched  to  a  local  solution  near  the  body  which 
satisfies  tha  actual  txjundary  conditions.  In  the 
largc~dist.ir.cc  solution,  the  cumulative-  nonlinear 
effects  which  render  the  classical  linearized 
theories  useless  are  taken  into  account  by 
rescaling  the  independent  variables  of  the 
problen  in  such  a  way  as  to  bring  these  non- 
linearities  into  the  linear  problem.  Shocks  arc 
inserted  according  to  the  ‘'angle  property"  (see 
capsule  eucrwiiy  3-3).  This  analysis  .s  liras  ted 
to  planar  flows. 


2  nd  order  mach  angle 


!  macn  number  2 


Sh-x  k  jngle  on  ten  degree  Coe, 


Lar.dahl,  ftyhming,  and  Hilding  performed  a  simi¬ 
lar,  though  less  extensive  investigation  which 
dealt  with  second  order  effects  for  planar  flows, 
axisymetric  flows,  and  three-dimensional  flows. 
They  independently  noted  the  need  for  an  inter¬ 
mediate  homogeneous  wave  structure  solution 
(which  is  termed  ttic  one-and-one-half  order 
solution  in  the  present  paper),  which  is  deter¬ 
mined  by  the  local  second  order  solution.  Sec 
cipsule  suroary  C-41  for  details  of  this  study. 

This  study  is  significant  far  two  reasons.  First 
it  can  provide  increased  numerical  accuracy  for 
solutions  simple  enough  to  be  calculated  analyt¬ 
ically.  Secondly,  the  study  of  the  second  order 
solution  verifies  the  uniform  validity  of  the 
first  order  (Whithorn* a)  solution,  gives  greater 
insight  into  its  nature,  and  provides  limits 
on  its  accuracy. 


SECOt  ID-ORDER  WAVE  STRUCTURE :  PZJUiAR  FLOWS 
David  a.  Caughey  and  Wallace  D.  Hayes 
Aerodynamic  Itoise,  Proceedings  of  AFOSR-UTIAS 
Symposium,  19*9,  pp.  423-433 


This  paper  presents  the  second-order  theory  for 
the  weakly  nonlinear  wave  system  emanating 
frem  a  body  in  uniform  supersonic  flight.  This 
involves  finding  the  second  term  in  an  asymptotic 
series  representation  of  the  solution,  for  the 
velocity  potential,  valid  to  ail  distances  from 
the  body.  This  is  accomplished  by  the  method  of 


The  results  confirm  the  results  of  Friedrichs 
(“Formation  and  Decay  of  Shock  Haves,"  Cotin. 
Appl.  Math.,  1,  211-245,  1940)  as  presented  and 
corrected  by  Eighth! 11  ("General  Theory  of  High 
Speed  Aerodynamics,"  Section  C,  Princeton,  1954) 
for  the  case  of  planar  flows.  This  theory,  I>ow- 
evor,  presents  ,1  method  which  is  easily  extended 
to  the  case  of  flows  about  finite  bodies,  where 
the  cylindrical  nature  of  the  problem  precludes 
the  use  of  Friedrichs'  simple  wave  idea.  The 
extension  to  finite  bodies  is  made  ir.  a  later 
paper  by  Caughey  (see  capsule  r. nonary  G-44) . 

The  reader  is  referred  to  that  paper  for  a  norc 
extensive  discussion  of  the  method  used  here. 
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SCM1C  BCCH  CHARACTERISTICS  It:  THE  EXTREME  HEAR 

FIELD  OF  A  COMPLEX  AlttPLAHK  MODEL  AT  MACH  HlfiBERS 

OF  1.5,  1.0,  AMD  2.5 

Odell  A.  Morris,  Milton  Lanl>,  and  Harry  II.  Carlson 

HA5A  TM  D-575D,  April  1970 

The  results  of  an  experimental  investigation 
of  the  validity  of  sonic  boor,  theory  in  the 
extreme  near  field  are  presented. 

A  15-cn-long  model  of  an  XB-70  bomber  was 
tested  in  the  Langley  Unitary  Plan  Wind  Tunnel 
at  Mach  nwabers  of  1.5,  1.0,  ar.d  2.5.  Pressure 
signatures  were  measured  at  distance-ler.gth 
ratios  of  2  and  4  at  angles  of  attack  of  0.5*, 
2.0*,  3.5’,  and  5.0*  with  various  canard  and 
eleven  settings.  The  :  uncrical  method  developed 
by  Middleton  and  Carlson  (see  capsule  susnary 
G-29)  was  used  to  calculate  theoretical  near¬ 
field  pressure  signatures,  which  were  then  com¬ 
pared  with  the  measured  signatures.  The  results 
showed  good  agroenent  between  experiment  and 
theory  at  M  «  l.S.for  the  general  signature 
characteristics.  However,  as  the  Hach  rnssber 
was  increased,  the  agreement  became  poorer  with 
the  larger  discrepancies  occurring  in  the  tail 
region  of  the  signature  at  the  higher  angles  of 
attack.  A  comparison  of  the  data  for  the  two 
distances  measured  (h/t  »  2  and  h /&  *  4)  showed 
that  there  was  a  general  improvement  between 
theory  and  experiment  as  the  distance  was  in¬ 
creased.  The  figures  below  are  examples  of  the 
best  and  poorest  correlation  obtained. 
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Omspanunt  of  experimental  and  theoretical  pressure  signatures 


As  mentioned  by  the  authors,  Whithorn  had  indi¬ 
cated  that  difficulty  night  be  expected  in  using 
his  method  to  predict  the  signature  very  near 
the  body.  This  is  one  possible  explanation  for 
the  slight  discrepancy  noted  between  experiment 
and  theory  for  the  measurements!  closest  to  the 
body.  The  high  angle  of  attack  agreement  is 
poor  probably  because  at  this  flight  condition 
the  equivalent  body  is  no  longer  slender.  The 
same  is  true  for  the  high  Hach  nisaber  data. 
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HYPERSONIC  BOOH 

A.  Richard  Seebass 

Boeing  Scientific  Research  Laboratory#  Flight 

Sciences  Laboratory  Tech.  Coen.  030,  June  1970 

This  paper  presents  an  estimate  of  the  strength 
of  the  bow  shock  wave  for  a  hypersonic  vehicle. 
The  shock  strength  in  a  homogeneous  atmosphere 
is  considered  first.  This  is  then  corrected  for 
the  effects  of  atmospheric  stratification  and 
vehicle  flight  path  angle. 

It  is  assumed  that  the  main  contribution  to  the 
shock  wave  strength  is  due  to  the  vehicle  drag. 
As  a  result,  the  strength  of  the  bow  wave  is 
independent  of  azimuthal  angle.  An  expression 
previously  derived  by  Sakarai  for  the  strength 
cf  a  blast  wave  is  used  as  the  starting  point. 
But  since  this  is  a  strong-shock  expression  it 
is  not  applicable  far  from  the  vehicle.  In  order 
to  produce  the  correct  asymptotic  variation  of 
IP  for  large  r,  an  ad  hoc  generalisation  is 
made  in  the  equation  for  the  bow  shock  over¬ 
pressure.  The  use  of  this  generalisation  is 
justified  by  showing  that  it  gives  results  which 
agree  with  previously  derived  experimental  data. 
A  final  expression  is  then  derived  which  takes 
into  account  flight  path  angle  and  density 
stratification  of  the  atmosphere .  The  expression 
given  in  the  paper  has  an  error  in  it.  The 
correct  equation  isi 


AP 


1/2 


3/8 


In  order  to  check  further  on  the  variation  of 
signature  with  distance,  an  extrapolation  of 
the  experimental  data  was  made  for  values  of 
h/t  from  2  to  64  using  the  method  developed  by 
Hicks  and  ,‘fendoxa  (see  capsule  sirssary  G-34) . 
These  extrapolated  signatures  were  then  compared 
with  theoretical  signatures  calculated  using 
Middleton's  and  Carlson’s  numerical  technique.  For 
h/t  “  4,  the  extrapolated  data  show  good  agree¬ 
ment  with  the  measured  experimental  signature. 
Further  increases  in  distance  from  the  model 
showed  gradual  improvement  in  the  agreement 
between  the  extrapolated  date  so  that  as  the 
values  of  h/t  approached  a  distance  corresponding 
to  normal  flight  altitudes  (h/t  *  64)  very  good 
agreement  was  obtained. 

Previous  wind-tunnel  investigations  of  sonic  boon 
theory  in  the  near  field  had  been  conducted  by 
Cook  (see  capsule  summary  G-24) ,  McLean  (sec 
capsule  sirr. ary  C-27)  and  Carlson,  Hack,  and 
Morris  (see  capsule  summary  G-2S) .  Mor,*  of  these 
made  measurements  as  close  to  the  body  as  those 
made  in  this  investigation,  however. 


where 


AP  »  cow  shock  overpressure 
h  »  altitude 

!(  «  atmospheric  scale  height 
W  -  weight 
L  »  lift 
D  -  drag 
n.  »  load  factor 


In  a  later  paper  Pan  and  Sotcnayer  also  derive 
an  expression  for  the  bow  shock  overpressure  of 
a  hypersonic  vehie'e.  Their  method  involves 
matching  numerical  solutions  for  the  strength 
of  cylindrical  shock  waves  to  the  weak  shock 
expressions  given  by  Which*  (see  capsule  sun' 
mary  S-J)  and  is  done  only  for  a  homogeneous 
aOsoaphere . 


Thl»  paper  was  the  first  attempt  to  extend  sonic 
bow  theory  into  the  hypersonic  regime. 
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ATP1.ICATIOH  Of  MIITIIAM'S  Tiffinin'  TO  SGfllC  BOfti 

III  T)in  HIP-  OR  tSAR-FIELD 

V.  5.  Pan 

AIAA  Journal ,  8  (11) ,  November  1970 

A  notification  of  uhitham's  theory  in  tho  near- 
fielil  of  a  slender  body  of  revolution  is  pre¬ 
sented.  The  purpose  of  this  modification  is  tf 
obtain  relatione  between  the  flow  distur)>ances 
and  the  F-function  which  are  uniformly  valid  at 
all  points  of  the  flow-field.  This,  in  turn, 
allows  an  accurate  extrapolation  to  be  made  of 
a  known  disturbance  signature  in  the  near  field 
to  the  far  field,  barge  models  in  wind  tunnols 
can  then  be  used  to  obtain  the  "known"  disturb¬ 
ance. 

since  the  disturbance  of  the  flow-field  due  to 
a  slender  body  it  equivalent  to  that  caused  by 
a  streamtube  enclosing  the  body  in  a  nearer 
field,  the  flow-field  over  the  streamtube  is 
considered  instead  of  the  flow-field  over  the 
body.  The  radius  of  the  streamtube  is  made  arbi¬ 
trary;  thus  the  relations  derived  are  valid  at 
any  distance  free  the  body. 

Using  linearized  supersonic  theory,  the  flow 
disturbances  on  the  streamtube  surface  are 
expressed  ee  integrals  of  the  source  distribu¬ 
tion  of  this  streamtube.  These  integral  equations 
are  then  solved  to  get  the  source  distribution 
in  terns  of  the  disturbances  on  the  streamtube. 
Since  dm  F-function  is  defined  in  terms  of  the 
source  distribution  (see  capsule  stamary  G-3) , 
the  F-function  of  the  streantube  can  then  be 
found  in  terms  of  the  disturbances,  and  the  dis¬ 
turbances  can  be  found  in  term  of  the  F-function. 
The  expression  for  the  streetwise  perturbation 
velocity  contains  e  term  not  contained  in 
Khitham's  corresponding  expression.  This  addi¬ 
tional  term  is  due  tc  near-field  effects  and 
vanishes  at  large  distances.  Thus  when  this 
perturbation  velocity  is  used  to  correct  the 
linear  characteristics,  an  additional  term  is 
obtained  in  the  equation  for  the  characteristics 
which  also  vanishes  at  large  distances.  This 
additional  term  modifies  the  longitudinal  loca¬ 
tion  of  the  characteristics. 

Paving  derived  the  expression  for  the  "exact” 
characteristics,  the  F-function  at  any  distance 
r  from  tho  body  may  be  found  from  a  known  F - 
function  at  P.tP  <  rS ,  where  R  is  the  radius  of 
the  streamtube  upstream  of  the  body.  Thin  is  due 
to  the  fact  that  the  value  of  F  is  constant  alonq 
the  characteristics.  The  F-functlon  at  R  can  be 
determined  from  a  measured  pressure  signature. 

In  another  paper  (see  capsule  summary  G-50)  Pan 
performs  e  similar  derivation  for  an  arbitrary 
three-dimensional  body,  as  contrasted  to  tho 
present  derivation,  which  was  limited  to  bodies 
of  revolution. 

The  significance  of  this  paper  is  that  it  pro¬ 
vides  a  method  of  extrapolating  a  measured  F~ 
function  of  a  slender  body  of  revolution  that 
is  valid  for  the  entire  flow-field,  even  for 
points  in  the  extreme  near-fiold. 
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run  ihfmji3scj:  or  HKAR-rirxD  flow  oh  tjii:  sonim 

K.  Oswatitseh  and  V.  C.  Sun 
ICAS  Paper  no.  70-20,  1970 

The  purpose  of  this  paper  is  to  chock  the  valid¬ 
ity  of  equivalence  of  a  lifting  wing  to  an  axi- 
symetrical  Ixsdy  and  tho  accuracy  of  Hhitham's 
asymptotic  far-fieid  theory.  This  is  done  using 
the  analytical  method  of  characteristics  to 
investigate  the  problem  of  an  incident  triangu¬ 
lar  plate  with  supersonic  leading  edges  and 
constant  loading.  The  essential  features  of  the 
method  consist  of  tho  introduction  of  a  coordi¬ 
nate  system  composed  of  characteristic  surf, ices 
and  in  the  expansion  of  space  variables  ar,.’ 
physical  flow  quantities  in  an  ascending  power 
series  of  sono  small  parameters  (such  as  angle 
of  incidence,  winq  thickness,  etc.)  in  this 
coordinate  system  of  characteristics.  Only  the 
first  order  approximation  is  used,  Hhitham's 
theory  is  closely  related  to  the  first  approx; - 
nation  of  this  theory,  except  that  the  simpli¬ 
fying  large  distance  assumptions  made  by  Whitlian 
are  not  made  here.  This  allows  an  assessment  of 
the  influence  of  near-field  flow.  The  angle 
property  (see  capsule  summary  G-3)  ir.  used  to 
locate  the  front  shock  of  the  wing,  to  which 
this  study  is  limited. 

The  flow-field  of  the  wing  is  divided  into  four 
radial  regions.  These  are: 

1.  The  region  of  conical  flow  which  is  not 
influenced  by  the  trailing  edge . 

3.  The  region  in  which  the  flow  is  characterized 
by  the  expansion  from  the  sharp  trailing 
edge  of  the  wing.  This  region  has  features  of 
plane  flow. 

3.  An  intermediate  region  which  is  influenced  by 
the  trailing  edge  but  not  by  the  wing  tips. 

4.  The  region  influenced  by  the  whole  wing. 

An  estimate  is  made  of  the  relative  extent  of 
the  various  regions  of  the  flow  for  several 
typical  wing  configurations  are)  flight  conditions. 
This  estimate  show*  that,  if  regions  1  and  2  are 
considered  to  be  near-field  regions,  then  in 
many  cases  only  near-field  flows  will  he  involved 
in  the  study  of  sonic  boom  due  to  the  front 
shock. 

The  method  of  vertex  distribution  is  then  used 
to  derive  expressions  for  the  perturbation  veloc¬ 
ities,  shock  location,  and  shock  strength  in 
regions  1  and  2  in  terms  of  the  vortex  distribu¬ 
tion  on  the  wing. 

There  are  three  principal  conclusions  reached  as 
a  result  of  this  study.  7hese  are: 

1.  In  the  plane  of  symmetry  vertical  to  the  wing, 
the  equivalence  of  the  wing  to  a  body  of  revo¬ 
lution  exists  in  region  1  under  tbs  assumption 
of  CL<<  1,  where  *  lift  coefficient, 

?=  tanui  tan  a,,,  u>  *  complement  of  sweep 
angle,  and  *  free  stream  Hach  number.  How¬ 
ever,  ir.  planes  normal  to  wave  fronts  arising 


93 


. . lii . hi . . . . . mm: . . . m,? . .g .  . Mi . let . . . 


froft  the  leading  edges,  flows  with  the  nature 
of  plane  waves  wi a  prevail  in  the  near  field, 
and  no  equivalence  to  an  axisymetr  ical  ln»ly 
will  apply  there,  tn  region  2,  flow  with  the 
nature  of  a  plane  flow  will  affect  a  wide 
interne  Hate  field  of  flow  until  the  strong 
disturbances  of  plane-wave  nature  arc  finally 
attenuated  in  the  far  field.  In  thin  intcr- 
nediate  field  of  flow,  the  wine  can  again 
not  he  replaced  by  an  equivalent  body  of 
revolution. 

2.  Uhithan's  asymptotic  far-ficld  theory  is  valid 
on  the  condition  that  tan  u  <f/g)I'-c<l  ap¬ 
plies  on  the  shock,  where  f  and  >/  arc  the  char¬ 
acteristic  tcordi nates  defined  by  f  «  x  -y  and 
"  xQ-yo  and  x  and  y  are  the  first  term?  in 
th.  expansion  or  the  cSrtesian  coordinates  x 
and  y.  For  those  portions  of  the  shock  whore 
this  condition  no  lonqer  applies,  correction 
terns  for  the  results  obtained  by  lihitham’s 
theory  or  even  a  higher  order  approximation 
would  then  be  necessary. 

1.  It  is  concluded  that  because  of  the  far-reach¬ 
ing  effects  of  the  intermediate  field  ercl>ody- 
ing  flows  of  plane-wave  character,  there  are 
interesting  possibilities  to  influence  the 
boon  intensity.  However,  more  extensive 
studies  of  the  flow  field  must  be  undertaken 
first. 


expresses  the  potential  as  a  Fourier  series  in 
terms  of  the  multipolc  distribution  of  the 
streamtul* .  The  i-crturlwition  velocities  arc  then 
found  from  this  potential.  The  moltipolc  distri¬ 
bution  is  then  expressed  in  terms  of  tlie  flow 
disturbances.  This  allows  an  exact  relation 
lx; tween  the  flow  disturbances  and  the  corre¬ 
sponding  local  r-function  on  an  arbitrary 
streamtulie  enclosing  the  body  to  l>e  obtained, 
since  the  F-function  is  defined  in  terms  of  the 
multipole  distribution.  Since  the  streamtuhe  of 
upstream  radius  p.  wan  chosen  arbitrarily,  the 
relationships  derived  ar»  valid  for  any  p  wi this 
the  linearized  supersonic  flow  theory.  Thus  this 
method  corrects  the  linear  relation  botveen  the 
pressure  disturbance  ami  the  local  F-function  to 
account  for  near  field  effects. 

Based  on  Uhithan's  hypothesis  on  the  improvement 
of  the  linear  theory,  the  flow  disturbances  pre¬ 
dicted  by  the  linear  theory  propagate  dovnstream 
along  the  exact  characteristic  curves.  In  the 
three-dimensional  flow,  the  characteristic  curve 
is  replaced  by  a  bicharacterintic  curve.  The 
direction  of  a  bicharacteristic  curve  changes  not 
only  in  the  longitudinal  sense  but  also  in  the 
azimuthal  sense.  The  bicharactenstics  are  deter 
mined  using  the  exact  perturbation  velocities 
(exact  in  the  sense  of  Icing  valid  everywhere) 
and  the  conditions 


The-  significance  of  this  paper  lies  in  the  find¬ 
ing  that  the  representation  of  «  delta  wing  with 
supersonic  leading  edges  and  constant  loading  by 
an  eoiuvaiant  Isxiy  of  revolution  is  valid  in  the 
near  field  only  under  certain  conditions.  This 
is  especially  significant  in  light  of  the  con¬ 
clusion  that  in  many  cases  only  near-field  flows 
will  be  involved  in  the  study  of  sonic  Ixson  due 
to  the  front  shock. 
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i  .’traiois  for  mi®  tuwiki.  imvt.stioatio*:s  of  some 
BOrtI  BAT, FT)  ot:  LAFGE  HOOF-LS 
Y.  S.  Par. 

AIAA  Paper  No.  71-104,  Presented  at  AIAA  0th 
Aerospace  Sciences  Meeting,  Mew  York,  Hew  York, 
January  2S-27,  1971 

This  paper  present#  a  new  method  which  allows 
the  use  of  large  wind-tunnel  models  to  obtain 
far-fleld  pressure  signatures.  The  method  is 
based  upon  a  modification  of  Whitham's  theory 
in  the  near-field  which  takes  into  account  the 
three-dimensionality  of  the  flow  field  near  a 
complex  model . 

Based  on  linearised  supersonic  flow  theory,  the 
flow  disturbance  at  the  distance  R  in  free  flight 
is  equal  to  the  incident  disturbance  on  the  wall 
of  a  cylindrical  supersonic  wind  tunnel  of 
radius  R. 


Based  on  this,  the  author  considers  the  flow 
external  to  a  quasi-cylindrical  streamtuhe  en¬ 
closing  the  body  of  upstream  radius  R.  A  solu¬ 
tion  of  the  linearized  potential  equation  which 
represent*  a  disturbance  propagating  downstream 
from  the  quasi -cylinder  was  derived  by  Hard 
("Linearized  Theory  of  Steady  High-Speed  Flow," 
Cambridge  University  Press,  London,  1955,  Chap¬ 
ters  B  and  91  and  is  used  hero.  The  solution 


"  cot  (0*p)/cosX 

*  tan  K  ft 
dr 

where  x,  r,  0  are  polar  coordinates 
d  ■  flow  deflection  angle 
p  -  Mach, angle 
and  ,\  »  tan~i  (w/v) 

w  =  pcrturlwstior.  velocity  ie.  0  direction 
v  «  perturliation  velocity  in  r  direction 

This  results  in  parametric  equations  for  x  and  *• 
in  terms  of  r. 

Since  the  values  of  the  P-function  are  constant 
along  bieharactoristics  in  the  three-dimensional 
flow,  a  known  F-function  for  one  streamtuhe  may 
be  used  to  obtain  a  new  F-function  for  a  stream- 
tube  further  afield.  The  shape  of  the  F-function 
obtained  at  the  larger  radius  is  generally  dis¬ 
torted  from  the  original  r-function.  Multivalued 
regions  are  corrected  by  the  insertion  of  shocks, 
which  are  found  using  the  method  of  Hhithan  (see 
capsule  surra ry  c.~3) .  Knowing  the  F-function  at 
this  larger  distance  allows  the  perturbation 
velocities,  and  thereby  the  pressure  signature, 
to  be  calculated. 

The  relation  between  the  free  flight  (incident) 
pressure  distribution  and  the  measured  (reflected) 
pressure  distribution  on  the  cylindrical  wind 
tunnel  wall  is  then  derived.  This  is  done  by 
solving  the  linearized  potential  equation  to¬ 
gether  with  the  uniform  free  stream  boundary  con¬ 
ditions  by  using  a  Laplace  transform  technique. 

To  check  the  validity  of  the  theory,  comparisons 
are  made  with  results  calculated  from  Hhithan's 
theory  and  with  earlier  experimental  results.  Tor 
a  slender  body  of  revolution  at  r/t  »4.2  (here  8 
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The  extrapolation  technique  investigated  in  this 
report.  «u  used  in  previous  investigation*  by 
Hicks,  Ken does,  end  nun  ton  (see  capsule  noury 
G-33)  and  by  Morris,  lamb.  and  Carlson  (see  c re¬ 
sult  stanaxy  G-461 .  Both  of  these  investigations 
found  that  this  technique  nave  good  results. 

Thi*  paper  give*  a  very  convincing  demonstration 
of  the  validity  of  using  the  extrapolation  tech¬ 
nique  to  predict  the  signature  characteristics  at 
larger  altitudes  using  overpressure  data  measured 
at  distancas  as  close  as  one  body  length  fron  an 
airplane  configuration. 
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iiarry  L.  Runyan,  ttarbert  R.  Henderson, 

Odell  A.  Morrts,  and  Christine  G.  Pusey 
ISASA  It:  0-6143,  March  1971 

This  report  presents  the  results  of  a  study  con¬ 
ducted  at  a  Mach  lumber  of  2.7  to  study  the 
growth  of  the  pressure  field  as  a  function  of 
distance  fron  sonic-boo*  models.  Six  models  four 
inches  long  were  tested:  two  delta  planforms  and 
four  rectangular  planfo<ve  including  one  model 
with  sideplata*.  The  modal a  had  an  upper  surface 
aligned  with  the  alrstrta*  and  a  lower  lifting 
surface.  The  bottom  surface  on  three  of  the 
nodal*  was  Made  up  of  several  steps. 

Measured  pressure  signatures  fron  these  models 
were  compared  with  calculated  signatures  basvd 
on  two-  and  three-dimensional  (Hbitham)  flow 
theories . 

The  results  indicated  a  rapid  transition  from 
two-dimensional  flow  characteristics,  known  to 
exist  near  the  model  lower  surfaces,  to  the 


tlurec -dimensional  characteristics  measured  in 
the  tests.  In  general,  good  agreement  was  ob¬ 
tained,  especially  at  the  larger  distances, 
between  the  aesmir  prersure  field  and  the 
pressure  field  calculated  by  use  of  conventional 
technique*  for  analysis  of  three-dimensional 
flow.  The  notable  exception  occurred  for  a  model 
for  which  two-dimensional  flow  was  forced  to 
exist  within  the  confines  of  sideplates.  For 
that  model,  good  agreement  was  obtained  by  use 
of  theory  for  two-dimensional  flow,  particularly 
at  the  closest  distance  of  about  one  body  length. 
At  the  farthest  seasurint:  point,  five  body 
lengths,  better  agreement  was  obtained  by  use  of 
three-dimensional  flew  theory.  For  the  other 
xodels  three-dimensional  flew  was  establishes 
very  rapidly,  in  most  cases,  in  about  one  bodv 
length 

A  later  investigation  by  Pa  vis  (see  capsule  sum¬ 
mary  G— 56)  dealt  with  the  two-dimensional  effects 
of  high  aspect  ratio  rectangular  wings,  in  con¬ 
trast  to  the  low  aspect  ratio  models  used  hero. 
Davis  found  that  Ifcithars's  theory  is  not  valid 
in  the  near  field  of  high  aspect  ratio  rectangu¬ 
lar  wings.  However,  Mends za  and  Hicks  (see  cap¬ 
sule  summary  G-51)  3ho**Bd  that  their  extrapola¬ 
tion  technique,  which  is  based  on  ::h i than ' s 
theory,  is  valid  at  least  as  close  as  16  body 
lengths  from  a  rectangular  wing  of  AJS  *  2. 

Thi*  wa*  the  first  wind  tunnel  investigation 
conducted  to  determine  the  distance  fron  a  body 
for  which  two-dimensional  flow  exists  at  which 
khitaas's  theory  is  valid. 
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rsm  2.3  TO  4.61 

David  S.  Killer.  Odell  A.  Morris,  and 

iierry  :f.  Carlson 

HASA  TJI  D-6201  ,  April  1571 

The  results  of  a  wind  tunnel  investigation  to 
determine  high  Hash  number  li  £  t-i  ndured  sonic 
boos  characteristics  of  two  siapie  wing  models, 
conducted  at  Ssch  ntsshvrs  of  2.3,  2.96,  3, S3,  and 
4.63  over  a  lift  coefficient  ramus  fren  0  to  about 
0.1  are  reported.  Ceeearisons  of  theoretical  and 
experimental  pressure  signatures  showed  that  the 
detailed  signature  sham  was  predicted  to  a 
greater  degree  of  accuracy  at  the  lower  Mach 
numbers  and  lower  lift  coefficients.  In  all  in¬ 
stances  the  overall  signature  correlation  became 
worse  as  the  fiach  n.a-bsr  and  the  lift  coefficient 
increased.  (For  an  illustration  of  this  correla¬ 
tion,  *ec  capsule  susewry  d-65.:-  it  was  noted, 
however,  that  at  the  higher  lift  coefficients 
where  the  experimental  and  theoretical  signature 
shape  differences  were  mom  pronounced,  there 
was  an  unexpected  improvement  in  maximum  over¬ 
pressure  correlation.  Although  the  generally 
observed  tendency  toward  improved  signature  ctw- 
reLgileti  with  ert  iijcrease  in  distance  appears  to 
be  supported  by  the  results  of  this  investiga¬ 
tion,  the  good  correlation  usually  expected  at 
large  distances  swats  to  he  precluded  by  sub¬ 
stantial  differences  between  the  experimental 
impulse  end  theoretical  impulse.  XwhjIso  com¬ 
parisons  indicate  that  even  at  extremely  large 
distances,  experimental  and  theoretical  over¬ 
pressures  would  be  expected  to  differ  fey  as 
much  as  20*. 


A  similar  investigation  concerning  sonic  boon 
tests  of  sinple  bodies  of  revolution  at  Mach  num¬ 
bers  fron  2. 90  to  4,03  showed  existing  theories 
to  he  inadequate  at  high  Mach  numbers,  especially 
for  blunt-nose  or  swall-fineness-ratio  bodies 
(see  capsule  summary  0-54) .  this  paper  extended 
the  results  to  lifting  bodies. 


G-54 

A  WIND  TUtniEL  INVESTIGATION  OF  SONIC  BOOM  PRESSURE 

distributions  of  bodies  of  revolution  at  mach  2.96, 
3.03,  AND  4.63 

Barrett  L.  shrout,  Robert  J.  Mack,  and 

Samuel  M.  Dollyhigh 

NASA  Tt!  D-6195,  April  1971 

The  validity  of  sonic  boom  theory  for  non¬ 
lifting  bodies  of  revolution  at  high  Mach  nunbors 
was  investigated.  This  was  accomplished  by  test¬ 
ing  nine  models  in  the  Langley  Unitary  Plan  Wind 
Tunnel  at  Mach  nunbers  of  2.96,  3.03,  and  4.63. 

The  numerical  methods  developed  by  Carlson  (see 
capsule  simmory  G-23)  and  Middleton  and  Carlson 
(see  capsule  sunmary  G-29)  were  used  to  calculate 
heoretical  pressure  signatures,  which  were  com¬ 
pared  with  the  measured  signatures. 

The  results  showed  that  as  the  Mach  number  in¬ 
creased,  the  far-field  signature  developed  closer 
to  the  modal.  It  was  found  that  the  sonic  boom 
theory  which  gives  good  correlation  between  the¬ 
ory  and  experiment  at  low  supersonic  Mach  numbers 
was  only  qualitatively  correct  for  the  higher 
Mach  numbers  of  this  test.  An  example  of  this 
correlation  is  shown  below.  In  general  the  agree¬ 
ment  between  theory  and  experiment  decreased  with 
botn  increasing  Mach  number  and  decreasing  model 
fineness  ratio.  In  addition,  the  agreement  be¬ 
tween  theory  and  experiment  tended  to  decrease 
with  increasing  nose  bluntness.  The  addition  to 
the  theoretical  program  inputs  of  a  term  account¬ 
ing  for  the  pressure  distribution  on  the  body  im¬ 
proved  the  shape  of  the  predicted  signature  and 
the  addition  of  an  estimated  boundary  layer  im¬ 
proved  the  prediction  of  sig:  ature  impulse.  Es¬ 
timation  of  the  pressure  signature  using  a  non- 
smooth-)  ody  method  (see  capsule  summary  G-3) 
produce,  i  better  correlation  for  the  trailing 
shock,  but  some  reduction  of  signature  impulse. 


Hiller,  Morris,  and  Carlson  (see  capsule  summary 
G-53)  conducted  a  very  similar  investigation 
shortly  after  the  one  discussed  here.  In  their 
investigation,  however,  lifting  bodies  at  high  " 

Mach  numbers  were  studied.  The  conclusions  readied 
wore  basically  the  same  as  those  reached  hero  for 
nonlifting  bodies.  Hicks,  Mendoza,  and  llunton  in 
an  earlier  investigation  (see  capsule  summary  G-33) 
also  concluded  that  the  validity  of  Whitham's  theory 
decreases  above  Mach  3.0. 

This  investigation,  along  with  the  two  discussed  in 
the  previous  paragraph,  demonstrated  that,  in 
spite  of  improved  numerical  methods  for  calculating 
the  theoretical  pressure  signature,  the  sonic  ton 
theory  based  upon  Whithorn's  method  decreases  in 
accuracy  above  Mach  3.0.  The  accuracy  also  de¬ 
creases  with  increasing  body  bluntness. 
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CALCULATION  OF  SUPERSONIC  FLOWS  AT  LARGE  DISTANCES 

FROM  SLENDER  LIFTING  BODIES' 

Michael  schorling 

NASA  TU  D-6446,  August  1971 

A  second  order  solution  of  the  supersonic  flow 
in  the  far  field  of  a  slender  lifting  body  with 
a  nearly  circular  cross  section  is  derived.  The 
purpose  is  to  derive  a  theory  which  can  be  used 
as  the  basis  for  handling  such  nonlinear  effects 
as  shock  focusing  or  cutoff  Mach  number. 

The  exact  nonlinear  system  of  partial  differential 
equations  for  supersonic  flow  is  solved  for  large 
distances  using  a  perturbation  method  developed 
by  Poincare,  Lighthill,  and  Kuo  (see  Tsien,  H.  S.: 
"The  Poincare-Lighthill-Kuo  Method."  Vol.  IV  of 
Advances  in  Applied  Mechanics,  II.  t,  Dryden  and 
Th.  von  Kaxman,  ods. ,  Academic  Press,  Inc. ,  1956, 
pp.  281-349).  The  unknown  functions  are  expanded 
in  perturbation  series.  This  allows  the  nonlinear 
equations  to  be  split  into  systems  of  quasi - 
linear  differential  equations  of  different  orders 
of  magnitude.  These  systems  of  equations  are 
the>  integrated  in  each  order  of  magnitude  to 
obtain  the  unknown  functions.  The  arbitrary 
functions  of  integration  which  result  are  deter¬ 
mined  by  the  boundary  condition  calculated  from 
slender  body  theory.  Use  of  this  linearisation 
is  an  approximation.  A  further  approximation  is 
necessitated  by  the  fact  that  the  boundary  con¬ 
ditions  are  formulated  at  the  body  itself,  tdiile 
the  equations  were  integrated  for  large  distances 
away  from  the  body.  To  overcome  this  difficulty 
the  straight  characteristics  of  zero  order  theory 
are  matched  at  the  distance  R  with  those  character¬ 
istics  which  result  from  the  exact  theory  and 
which  are  valid  for  large  distances.  A  discussion 
of  the  matching  distance  R  is  then  presented. 

The  coordinates  of  the  front  shock  wave  are 
calculated  using  a  three  dimensional  extension 
of  Pfriem's  formula  or  the  "angle  property" 

(see  capsule  sunmary  G-3).  The  resulting  equa¬ 
tions  are  valid  up  to  first  order  for  general 
three  dimensional  flow  and  up  to  second  order 
for  axisynmetrical  flow. 
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Example  calculations  are  then  made  for  two  bodies 
of  revolution  and  the  results  compared  with 
tlliitham's  theory.  The  agreement  is  fairly  good. 
However,  the  author  emphasizes  that  the  present 
theory  has  advantages  such  as  simplicity  of 
equations,  handling  of  lifting  bodies,  and  easy 
extension  to  more  general  problems  as  the  change 
from  a  homogeneous  to  an  inhomogeneous  atmosphere. 

Several  ether  second  order  theories  similar  to 
this  one  had  been  developed  previously.  In  1068 
Landahl,  Ryhming,  and  Hilding  (*«*  capsule  sum¬ 
mary  G-41)  used  the  metliod  of  matched  asymptotic 
expansions  to  develop  a  second  order  theory  for 
two-dimensional  flows  and  three-dimensional 
ax i symmetric  flows.  They  found,  as  did  the  present 
paper,  that  for  nonaxisymnetric  three-dimensional 
flow  the  lack  of  a  near  field  second  order  solu¬ 
tion  made  it  impossible  to  obtain  the  far-field 
second  order  solution  for  such  a  flow,  for  a  body 
of  revolution  it  was  found  that  second  order 
effects  are  most  important  in  the  vicinity  of 
the  rear  shock.  Caughey  in  1969  (see  capsule 
summary  G-44)  also  used  the  method  of  matched 
asymptotic  expansions  to  derive  second  order 
solutions  for  planar  flows  and  flows  over  bodies 
of  revolution.  A  one-and-one-half  order  solution 
was  derived  for  nonaxisymmetric  three-dimensional 
bodies,  but  it  was  found  that  it  offers  no  im¬ 
provement  over  first  order  theory.  In  1971  Lomax 
used  a  cathode  ray  display  tube  connected  to  a 
computer  in  connection  with  a  finite  difference 
Method  to  find  second  order  solutions  for  the 
flow  over  supersonic-edge  delta  wings  (see 
capsule  eusmary  G-63) . 

In  view  of  the  finding  by  Landahl,  Ryhming, 
and  Hilding  that  second  order  effects  are  of 
most  importance  in  the  vicinity  of  the  roar 
shock,  the  failure  of  the  present  investigation 
to  deal  with  the  rear  shock  is  significant. 

Except  for  this  emission,  this  is  a  very  well 
done  investigation. 


potential  due  to  a  body  of  revolution  the  linear¬ 
ized  perturbation  velocity  potential  due  to  the 
presence  of  a  nonlifting  roctangular  wing  is  used. 
(This  means,  of  course,  that  no  F- function  is  in¬ 
volved  in  this  method.)  The  perturbation  velocities, 
determined  from  this  potential,  are  used  to  obtain 
a  first  order  longitudinal  correction  to  the 
characteristics.  Shocks  arc  inserted  at  the  inter¬ 
sections  of  the  characteristics  so  that  the  angle 
of  intersection  is  bisected.  Once  the  uniformly 
valid  velocity  field,  including  the  shocks,  has 
been  obtained,  tho  pressure  rise  at  any  point  in 
the  field  is  given  by 

AP  .  J4 

■  7M  ~ 

where  AP  «  difference  between  local  and  static 
pressure 

P„  ■  undisturbed  free-stream  static 
pressure 

u  »  perturbation .velocity  in  f rev-stream 
direction 

and  V  «  free  stream  velocity 

A  comparison  of  uniform  theory  with  the  equivalent 
body  of  revolution  theory  and  with  a  series  of 
experimentally  determined  near-field  signatures 
showed  that  for  low  aspect  ratio  wings  (i.e.  less 
than  one-half) ,  both  theories  are  in  fairly  good 
agreement  with  experiment. 

For  higher  aspect  ratio  wings,  with  signatures 
taken  in  the  vertical  piano  of  symmetry,  the 
uniform  theory  provides  better  agreement  with 
experiment.  The  equivalent  body  theory  over- 
predicts  the  signature  lengths.  However,  it  does 
predict  peak  overpressure  with  comparable  accuracy 
to  the  new  theory.  These  features  are  illustra¬ 
ted  in  the  figure  below,  which  was  taken  from 
this  paper. 
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INVESTIGATION  OF  SONIC  BOOM  GENERATED  3Y  THIN, 

NONLIFTING,  RECTANGULAR  WINGS 

Sanford  S.  Davis 

NASA  TH  D-6619,  December  1971 

This  report  describes  s  new  theory  for  predicting 
sonic  boom  pressure  signatures  produced  by  non¬ 
lifting  rectangular  wing*.  The  purpose  of  this 
report  is  to  evaluate  signatures  predicted  by 
both  this  theory  and  Whi them's  theory  and  to 
compare  them  with  experimentally  determined 
signatures. 

The  author  call-  his  theory  the  "uniform  theory , " 
since  it  is  uniformly  valid  for  the  entire  flow- 
field  due  to  the  feet  that  no  large-distance  assump¬ 
tion  was  made  in  deriving  it.  This  theory  is  based 
upon  Whitham's  hypothesis,  which  states  that  .inear 
theory  gives  a  correct  first  approximation  to 
variations  of  the  physical  quantities  along  the 
characteristics,  but  the  location  of  these  linear¬ 
ized  characteristics  is  in  error.  In  order  to  apply 
this  hypothesis  to  tho  rectangular  wing,  it  was 
necessary  to  obtain  better  approximation  to 
linearized  theory  than  tho  one  afforded  by  the 
equivalent  body  method.  Therefore,  instead  of 
using  the  linearised  theory  expression  for  the 
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With  signatures  taken  in  the  horizontal  plane  of 
tlic  wing,  the  two  theories  are  in  excellent  mutual 
agreement ,  and,  on  the  whole,  are  in  reasonable 
agreement  with  experiment.  !fo  experiments  were 
conducted  in  the  far-field,  but  the  theories  qivu 
nearly  identical  results  in  this  region  of  the 
flow. 

In  a  previous  investigation  (see  capsule  atssmary 
G-51)  Mendoza  and  Kicks  found  that  their  extra¬ 
polation  technique  could  accurately  predict  the 
signature  of  a  rectangular  wing  having  an  aspect 
ratio  of  2  at  a  distance  of  16  body  lengths  from 
the  pressure  signature  measured  at  two  body  lengths. 
Thus,  even  though  Whitham's  theory  may  not  be  valid 
in  the  near  field  of  a  high  aspect  ratio  wing,  this 
extrapolation  technique,  which  is  based  upon  his 
method,  is  valid. 

The  theory  described  here,  although  an  improvement 
over  Whitham's  theory,  is  highly  restricted  in 
utility  due  to  the  fact  that  it  was  derived 
strictly  for  a  nonlifting  rectangular  wing. 

G-57 

A  HEAR  AND  FAR-FIELD  ANALYSIS  OF  THE  SONIC  DOOM 
EMITTED  6Y  HONLIFTIHG  RECTANGULAR  WINGS 
Sanford  S.  Davis 

NASA  SP-255,  Third  Conference  on  Sonic  Boom 
Research,  1971,  pp.  219-226 

This  paper  presents  the  results  of  an  exper¬ 
imental  investigation  into  the  validity  of 
uniform  theory  (see  capsule  summary  G-59  or 
G-56  for  a  discussion  of  this  theory) .  These 
results  are  also  discussed  in  capsule  summary 
G-56. 

The  experimental  test  program  was  conducted  in 
the  Ames  2X2  Foot  Transonic  Wind  Tunnel  at  a 
Mach  number  of  1.4  using  three  nonlifting  rec¬ 
tangular  planfom  wings.  The  results  show  the 
predictions  of  uniform  theory  to  bo  more  accurate 
than  Whitham's  theory,  especially  for  the  higher 
aspect  ratio  wings  (see  capsule  summary  G-56  for 
an  illustration  of  these  results) .  The  existence 
of  rapid  variations  in  near-field  spanwise 
strengths  and  the  subsequent  smoothing  effect 
of  the  tip  cone  interactions  are  also  verified 
by  the  experimental  results .The  equivalent 
body  theory,  while  giving  erroneous  results  in 
the  near  field,  predicts  the  far-field  sonic  boom 
below  the  wing  very  well. 

The  significance  of  this  paper  lies  not  only  in 
the  fact  that  it  shows  that  uniform  theory  is 
valid  in  the  near  field  of  a  high  aspect  ratio, 
nonlifting,  rectangular  wing,  but  also  in  its 
finding  that  Whitham's  theory  using  the  body  of 
revolution  equivalence  is  valid  in  the  far-field 
of  such  a  wing. 

G-St) 

OBSERVATIONS  ON  PROBLEMS  RELATED  TO  EXPERIMENTAL 

DETERMINATION  OF  SONIC  BOOM 

Antonio  Ferri  and  Huai-Chu  Wang 

NASA  SP-255,  Third  Conference  on  Sonic  Boom 

Research,  1971,  pp.  277-284 

A  discussion  of  the  problems  that  affect  the 
precision  of  wind-tunnel  sonic  hocn  experiments 
is  presented  in  this  paper.  These  problems  in¬ 
clude  support  interference,  uniformity  of  flow. 


difficulties  at  high  Much  numbers,  hownoliln 
nizabor  effects,  and  three-dimensional  effects. 

It  is  shown  that  the  presence  of  the  stir.g  and 
support  changes  the  distribution  of  the  cross- 
sectional  area  of  the  vohiclo  and  wa):o  and  can 
produce  large  effects,  especially  when  a  near¬ 
field  signature  is  present.  Honunifomities  in 
the  flow  ttach  number  produce  deviations  in  the 
overpressuro  and  shock  anqlo,  which  could  be 
corrected  for  if  a  definition  of  these  were 
known.  It  is  stated  that  a  variation  of  0.01  in 
Mach  minber  corresponds  toAP/P  «  0.011  at  M  =  2 
and  0.015  at  M  =  4.  The  corresponding  deviation 
of  the  Mach  angle  decreases  with  Mach  nimbor 
and  goes  from  16'  to  O'  (the  prime  denotes  annular 
minutes  not  feet)  as  the  Mach  number  increases 
from  II  *  2  to  II  «  4,  These  deviations  tend  to 
modify  the  position  and  strength  of  the  shoe):, 
as  shown  in  the  first  fiouro  below.  In  the  second 
figure  a  correction  for  a  possible  nommifnrmty 
is  introduced.  The  correction  renuired  is  of  C‘ 
for  the  shock  strength,  plus  an  additional  14' 
for  the  position.  Such  variations  are  of  the  same 
order  as  the  disturbances  existing  in  the  tunnel. 


•eo*^ 

Sonc  btwm  for  hfl.  -  .1.38  and  it  ~  2.7 


Sonic  boom  for  h/l.  -  .1 38  and  M  -2.7 


A  brief  mention  is  made  of  Reynolds  number 
effects.  The  low  Reynolds  numbers  of  sonic 
boom  tests  make  it  important  to  take  into 
account  the  possibility  of  laminar  separation 
of  the  flow  at  the  trailing  and  leading  edges. 

In  conjunction  with  three-dimensional  effects 
it  is  demonstrated  that  the  equivalent  body 
method  may  not  be  valid  for  supersonic  leading 
edges.  This  is  done  by  using  the  analytically 
determined  signature  of  a  6*  half-angle  cone  at 
a  distance  of  five  body  lengths  to  compute  an 


equivalent  !x>dy  of  revolution  at  two  body  lengths 
fren  the  cone,  ’.he  two  stream  surfaces  produced 
by  the  deflection  duo  to  these  two  bodies  are 
used  to  define  two  wings  at  a  distance  of  throe 
body  lorxjths  from  the  cone.  This  results  in  two 
wings  Slaving  different  planforms.  If  the 
equivalent  bodies  of  revolution  for  each  wing 
are  determined  at  three  body  lengths,  the  two 
surfaces  do  not  correspond  to  the  sane  equiva¬ 
lent  bodv  in- spite  of  the  fact  that  they  produce 
the  same  signature  at  five  body  lengths.  The 
signature  at  a  distance  of  200  body  lengths  from 
the  axis  of  the  cone  is  different  for  the  two 
surfaces  and  is  different  from  the  signature  of 
the  two  equivalent  bodies 

This  work  was  motivated  by  the  desire  to  produce 
a  specific  nonr-field  signature  in  the  wind 
tunnel.  The  desired  result  was  not  achieved,  and 
Ferri  launched  this  investigation  to  determine 
why.  The  results  are  a  good  guide  to  the  experi¬ 
mental  difficulties  involved  in  proving  concepts 
such  as  low  sonic  boom  configurations  where  the 
shock  wave  pattern  can  be  significantly  influ¬ 
enced  by  the  tunnel  nomir.i fortuities ,  sting 
vibration,  three-dimensional  effects,  etc. 
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OtJIFOHt!  APPROXIMATIONS  FOR  SHOCKS  GENERATED  BY  THIN 

HOHLIFTING  RECTANGULAR  WINGS 

!!.  B.  Friedman  and  S.  Davis 

NASA  SP-255,  Third  Conference  on  Sonic  Boom 

Research,  1971,  pp.  123-132 

This  paper  is  essentially  the  sane  as  the  first 
half  of  a  later  paper  by  Davis  (see  capsule  sun- 
nary  G-56) .  Basically,  the  method  consists  of 
using  the  perturbation  velocitv  potential  for  a 
nonlifting  rectangular  wing  instead  of  the  por- 
turhation  velocity  potential  due  to  the  equiva¬ 
lent  body  of  revolution.  The  axial  perturbation 
velocity  is  derived  from  this  potential.  To 
account  uniformly  to  a  first  approximation  for 
nonlinear  effects,  the  bicharacteristics  of 
linear  theory  are  replaced  by  an  approximation 
to  the  hi  character in tics  of  nonlinear  theory 
expressed  in  terms  of  the  axial  perturbation 
velocity.  The  expressions  for  the  axial  pertur¬ 
bation  velocity  and  the  bicharacteristics 
represent  the  uniform  first  approximation  to 
the  velocity  field.  To  complete  the  solution, 
shocks  are  inserted  to  separate  the  regions  of 
disturbed  and  undisturbed  flow  and  elimnatc 
the  regions  of  oultivaluednoss.  The  shock  is 
positioned  3 a  that  it  bisects  the  characteristic 
directions  that  meet  at  a  point. 

Computations  arc  then  carried  cut  and  the  results 
compared  with  those  given  by  tfhi thorn’s  theory. 

The  reader  is  referred  to  capsule  sumary  g-56 
for  a  brief  discussion  of  most  of  these  results. 
The  present  paper  discusses  one  aspect  of  the 
results  in  more  depth,  however.  This  is  the 
comparison  between  the  uniform  theory  (this 
paper)  and  nonuniform  theory  (Whithan)  in  pre¬ 
dicting  the  variation  of  overpressure  in  various 
meridional  planes.  The  nonuniform  approximation 
always  results  in  a  moiiotonic  distribution  with 
a  maximum  occurring  directly  below  the  wing. 
However,  for  the  larger  aspect  ratio  wings,  the 
uniform  approximation  shows  a  meridional  distri¬ 
bution  with  both  a  maxtmsn  and  a  minimum  occur¬ 


ring  in  same  other  meridional  plane.  Thin  asym¬ 
metry  tends  to  disap}>car  as  the  aspect  ratio 
decreases. 

This  paper  demonstrates  another  case  for  which 
Whithorn's  theory  is  net  valid,  in  addition  to 
high  Mach  mother  flown  and  the  extreme  noar 
field  of  complex  models,  and  that  is  in  the  near 
field  of  a  high  aspect  ratio,  nonlifting  rec¬ 
tangular  wing. 
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REMARKS  ON  NONLINEAR  EFFECTS 
II.  Landahl 

NASA  SP-255,  Third  Conference  on  Sonic  Boom 
Research,  1971,  pp.  407-400 

This  is  a  very  briof  discussion  of  the  import¬ 
ance  of  nonlinear  effects  in  sonic  boom  calcu¬ 
lations,  the  success  of  second  ord<_r  theory  in 
predicting  these  effects,  and  possible  applica¬ 
tions  of  the  nonlinear  solution  for  large 
distances. 

It  is  the  author's  belief  that  there  is  not  much 
hope  of  finding  a  reasonably  simple  second-order 
analytical  solution  for  a  general  three-dimen¬ 
sional  flow  field  and  any  good  approximate  theory 
would  need  to  account  for  the  deformation  of 
characteristic  surfaces. 

G-61 

NONLINEAR  EFFECTS  ON  SONIC  BOOH  INTENSITY 
It.  Landahl,  1.  Ryhning,  and  P.  Lofgren 
NASA  SP-255,  Third  Conference  on  Sonic  Boom 
Research,  1971,  pp.  3-15 

The  purpose  of  this  paper  is  to  show  that  the 
uniformly  valid  second-order  solution  of  Light- 
hill  ("Higher  Approximations  in  Aerodynamic 
Theory,"  General  Theory  of  High  Speed  Aero¬ 
dynamics,  K.  R.  sears,  ed.,  Princeton  Univ. 

Press,  1954)  for  axlsynmetric  flow  can  bo  ex¬ 
pressed  in  a  very  simple  functional  form,  it 
is  also  shown  that  the  second-order,  three- 
dimensional,  far-field  solution  expressod  in 
cylindrical  coordinates  can  be  cast  in  a  similar 
form  but  involves  a  readjustment  of  the  angular 
coordinate  as  well. 

A  coordinate  perturbation  is  applied  to  the 
second-order  solution  for  axisymmetric  flow  in 
the  manner  of  Lin  (On  a  Perturbation  Theory 
Based  on  the  Method  of  Characteristics,  J.  Math. 
Phys.,  Cambridge,  Mass.,  Vol,  33,  No.  2,  1954) 
and  Oswatitsch  (Nonlinear  Problems  in  Wave 
Propagation,  Rept.  S5S-67-74,  space  Science 
Seminar,  George  C.  Marshall  Space  Flight  Center, 
1967)  00  as  to  make  both  sets  of  characteristics 
appear  as  straight  lines  to  first  order.  This 
made  it  possible  to  cast  the  results  for  the 
second  order  velocity  components  in  very  .simple 
forms  in  which  the  first-order  u-component.  is 
multiplied  by  the  ratio  of  the  free  stream  den¬ 
sity  to  the  local  density.  Here  u  is  the  dimen¬ 
sionless  perturbation  velocity  component  in  the 
flow  direction.  The  equation  for  the  character¬ 
istics  contains  additional  terms  due  to  near¬ 
field  effects  which  are  not  contained  in  Whit- 
ham's  corresponding  equation.  It  is  then  shown 
that  the  second  order  asymptotic  solution  for 
a  nonaxisysmetric  flow  can  be  put  in  tho  same 
form  as  the  axisyvnetric  uniformly  valid  one. 

The  only  difference  is  that  the  transformed 


variables  be cone  somewhat  modified  to  account 
for  nonaxisymnctric  effects. 

The  second  order  solution  is  used  to  determine 
the  effect  of  a  saall  sourcclike  perturbation 
on  a  nonaxi symmetric  flow.  A  simple  approxima¬ 
tion  is  proposed  that  is  likely  to  show  snail 
errors  everywhere,  which  could  be  employed  in 
a  calculation  schcnc  to  build  up  a  nonlinear 
flow  field  throuqh  step-by-stop  small 
perturbations. 

The  results  of  this  paper,  together  with  those 
of  an  earlier  paper  (see  capsule  summary  G-41) , 
arc  used  to  develop  a  new  method  for  determining 
sonic  boom  strength  from  near-field  measurements 
(sec  capsule  summary  G-62) . 

C-62 

A  :IKU  METHOD  FOR  DETERHIHIUG  GOiJIC  DOOM  STHI2IGTII 

rural  lUAK-FXKLD  MEASUREMENTS 

M.  kandahl,  X.  Ryhning,  :i.  Sorenson,  and  G.  Drougqe 

RASA  SP-255,  Third  Conference  on  Sonic  Doom 

Research,  1971,  pp.  285-295 

This  paper  presents  a  new  method  for  determining 
the  F- function  based  cn  accurate  wind  tunnel 
measurements  of  t!io  flow  inclination  angles  along 
a  cylindrical  surface  that  circumscribes  the 
model.  The  derivation  booins  with  the  expressions 
for  the  first  anil  second  order  pcrturl>ation 
velocities,  the  F-function,  and  the  characteris¬ 
tics  at  large  distances  from  a  three-dimensional 
body  in  supersonic  flow.  These  expressions  were 
derived  in  another  paper  by  Eandahl,  Rylsning, 
and  l/ofgrcn  (see  capsule  summary  G-Gl) .  The  flow 
deflection  angles  t  (downwash  angle)  and  a  (azi¬ 
muthal  deflection  angle)  are  then  related  to  the 
second  order  velocity  perturbations  and  the  sec¬ 
ond  order  velocity  potential.  These  relatione, 
allow  the  F-function  and  the  characteristics  to 
be  calculated  from  the  measured  flow  deflection 
angles. 

A  wind  tunnel  test  at  H  «  3.0  using  a  simple  body 
of  revolution  was  then  performed  to  chock  the 
validity  of  this  theory.  The  flow  deflection 
angles  were  measured  at  distance-to-length  ratios 
of  9.228  and  0.375.  F-functions  are  calculated 
at  each  of  these  distances  using  both  second 
order  theory  and  first  order  theory.  Those  cal¬ 
culated  from  second  order  theory  at  these  two 
radial  locations  are  very  nearly  identical,  indi¬ 
cating  that  the  theory  is  valid.  The  F-curves 
determined  from  the  tests  according  to  first 
order  theory  (i.e.,  whit ham)  differ,  however, 
significantly  from  each  other.  There  arc  also 
substantial  differences  between  the  second-  and 
first-order  predictions,  as  shown  in  the  figures 
below. 
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Test  mult!  ctaluated  at  cording  to  second  order  theory 


Test  results  evaluated  according  to  first  order  theory 


Hie!;s  anil  ftanloza  (sec  capsule  sunmarv  G-34) 
derived  an  extrapolation  technique  which  used 
first  order  theory  to  calculate  an  F- function 
from  a  pleasured  near- field  pressure  signature. 

The  validity  of  their  technique  was  demonstrated 
quite  convincingly  in  subsequent  experiments  (see 
capsule  summary  G-51)  for  Mach  ntadxjrs  in  the 
noiqhljorhood  of  2  or  less.  At  high  flach  numbers 
nonlinear  effects  are  of  greater  importance, 
however,  and  it  is  in  this  regime  that  the  new 
method  described  in  this  paper  raav  prove  to  Ixs 
of  greatest  utility. 


airfoils,  oxicyrnetric  bodies,  and  the  eonpletclv 
three-dimensional  flow  )«hind  a  lifting  delta 
wing  tilth  supersonic  leading  edges.  The  results 
of  a  comparison  with  the  other  methods  show  that 
good  agreement  is  obtained  for  all  cases,  except 
one,  between  the  nrodictions  of  this  method  and 
tlie  other  techniques.  The  lone  exception  is  a 
disagreement  between  the  results  of  this  method 
and  linear  tlieory  for  the  pressure  distribution 
on  a  lifting  planar  delta  wing.  An  example  of 
tl>o  good  correlation  obtained  for  the  other  cases 
is  shown  in  the  figure  bvlow. 


Tlx:  paper  is  weak  in  one  area.  The  relations 
between  the  flow  deflections  and  the  velocity 
perturbations  are  derived  for  large  distances 
from  a  three-dimensional  body.  Then  when  the 
wind  tunnel  experiment  is  performed  with  the 
axisyneietric  body,  measurements  arc  made  at 
distanefc-to-iength  ratios  of  0.228  and  0.375, 
which  certainly  cannot  be  considered  large 
distance.,.  The  authors  fail  to  explain  anywhere 
in  the  paper  that  for  an  axi symmetric  body  the 
various  relations  derived  arc  uniformly  valid 
for  the  entire  flow  field,  as  shown  in  an  earlier 
paper  (see  capsule  sinrtary  G-Gl) .  For  a  tliroc- 
dimnsional  model  the  relations  between  the  flow 
deflections  and  the  perturbation  velocities 
would  only  be  approximate  near  the  body.  The 
closeness  of  the  approximation  remains  to  bo 
checked. 
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G-63 

humeri cal  soumons  for  the  complete  shock  wave 

STRUCTURE  BEHItiD  SUPERSONIC-EDGE  DELTA  WIUGS 

Harvard  Lomax  and  Paul  Kutler 

NASA  SP-255,  Third  Conference  on  Sonic  Doer* 

Research,  1971,  pp.  17“ 25 

This  paper  presents  the  results  of  an  investi¬ 
gation  into  the  shock  wave  structure  of  various 
configurations  by  means  of  ninerical  finite  dif¬ 
ference  methods  carried  out  on  a  digital  computer 
that  is  coupled  with  a  cathode-ray  display  tube. 
This  method  wes  first  discussed  in  an  earlier 
paper  by  Lomax  (see  capsule  summary  G-42) .  The 
basic  idea  underlying  this  method  is  that  the 
coalescing  shock  field  surrounding  not-so-slender 
wing-body  eoeibinations  can  be  computed  effectively 
if  the  calculations,  as  they  are  being  carried 
out,  are  monitored  by  real-time  reaction  to 
visual  displays. 

The  method  relies  upon  what  is  referred  to  as  a 
shock-capturing  technique.  Using  this  tochniaue, 
the  initial  data  is  advanced  through  a  fixed 
mesh,  applying  boundary  conditions  only  at  the 
body  and  in  the  free  stream.  Shoe):  and  expansion 
waves  form  ami  decay  automatically  without  spe¬ 
cial  treatments  of  any  kind.  A  second  order 
finite  difference  scheme  is  used  in  conjunction 
with  this  technique  to  solve  the  gas-dynamic 
equations. 

Confidence  in  this  method  is  established  by 
using  it  to  compute  a  variety  of  known  flow 
fields  obtained  from  experiment  or  from  calcu¬ 
lations  made  using  such  techniques  as  the  method 
of  characteristics. 


The  figure  below,  which  was  also  taken  free*  this 
paper,  is  a  reproduction  of  a  sequence  of  photo¬ 
graphs  taken  from  the  cathode-ray  display  tube 
as  the  flow  field  developed  behind  the  lifting 
planar  delta  wing.  In  figure  (b) ,  the  formation 
of  the  trailing  edge  shock  is  clearly  evident 
in  the  expansion  region  above  the  delta-wing 
image,  as  is  the  trailing  edge  expansion  fan 
below  the  delta-wing  image.  The  governing  equa¬ 
tions  were  solved  in  conical  coordinates,  thus 
giving  the  appearance  of  a  shrinking  wing  as  the 
integration  proceeds  downstream. 


Normal  pressure  distributions  behind  planar  della  wing 


This  was  one  of  the  first  nuserical  implementa¬ 
tions  of  a  second  order  technique. 


Thosa  flow  fields  includod  those  due  to  wedges, 
cones,  planar  delta  wings,  delta  wings  with  di- 
hadral  mounted  on  conical  bodies,  two-dimensional 
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C-M 

Oti  THE  EXTRAPOLATION  OP  MEASURED  MEAK-FIELI)  PRES- 
SURE  SIGNATURES  OF  IIHCONVENTIGIIAL  CONFIGURATIONS 
Joel  P.  Mendoza  and  Itavraond  H.  Hicks 
NASA  SP-2!.5,  Thin!  Conference  on  Sonic  Boom 
Research*  1971,  pp.  305-392 

This  paper  shows  that  the  near-field  extrapola¬ 
tion  technique  of  Mendoza  and  Hicks  gives  accu¬ 
rate  results -in  many  cases  for  which  Whithorn* s 
theory  based  on  theoretically  derived  r(y)  func¬ 
tions  does  not.  For  details  of  this  technique 
see  capsule  sinnary  G-34. 

The  configurations  studied  in  this  paper  included 
a  0.40®  cone-cylinder  model  and  two  models  of  the 
straight-wing  and  delta-wing  orbiters.  Overpres¬ 
sure  data  on  a  wing-body  and  two  wing-alone 
models  was  obtained  from  previous  investigations. 

For  each  model*  overpressure  characteristics 
measured  at  some  given  altitude  were  extrapolated 
and  compared  to  overpressure  characteristics 
measured  at  a  higher  altitude.  In  cases  for  which 
the  Whitham  theory  was  considered  applicable,  a 
theoretical  pressure  signature  is  compared  with 
the  extrai»latcd  and  measured  data. 

For  the  cone-eylindcr,  theory,  the  extrapolated 
signature,  and  the  measured  pressure  signature 
were  all  in  excellent  agreement  at  a  distance  of 
20  cone  lengths.  This  was  expected,  since  Whit- 
ham's  theory  was  formulated  for  an  axisymetric 
body. 

Ho  comparison  with  theory  was  made  for  the  two 
wings,  which  had  aspect  ratios  of  2  an!  1/2 . 

For  the  AR  -  1/2  wing,  the  measured  and  extrapo¬ 
lated  signatures  showed  excellent  agreement  at 
a  distance  of  eight  chord  lengths.  For  the  AR  «  2 
wing,  which  was  expected  to  retain  its  two-dimen¬ 
sional  flow-field  characteristics  at  a  larger 
distance  tza*  the  wing  plane  than  the  other  wing 
it  was  found  that  pressure  signatures  extrapo¬ 
lated  from  signatures  measured  at  successively 
increasing  distances  from  the  model  exhibited 
successively  improved  correlations  with  the  data 
measured  at  the  altitude  of  16  chord  lengths . 

For  a  wing-body  model  at  a  Mach  number  of  4.03, 
both  the  extrapolated  data  and  the  theoretical 
pressure  signature  agree  fairly  well  with  the 
measured  data  at  an  altitude  of  four  body  lengths 
at  zero  lift  coefficient.  At  a  lift  coefficient 
of  0.09,  however,  theory  predicts  a  longer  pres¬ 
sure  signature  length,  as  show  in  the  figure 
below. 
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Hinv-field  pressure  of  a  mug-body  models!  s  high  %upmmic 
Mmh  number 


The  measured  and  extrapolated  pressure  signatures 
of  the  straight-wing  and  delta-wing  orbiters  at 
a  Mach  number  of  2.7  and  on  angle  of  attach  of 
60®,  for  which  condition  a  strong  bow  shoe?; 
existed,  showed  excellent  agreement. 

In  another  paper  (see  capsule  summary  C.-51) 
Mendoza  anti  Hicks  give  additional  proof  of  the 
validity  of  their  technique. 

G-G5 

EXPERIMEHTAI,  STUDIES  OF  SONIC  BOOM  PHENOMENA 

AT  HIGH  SUPERSONIC  f!hCI!  NUOTERK 

Odell  Morris 

ilASA  SP-255,  Third  Conference  on  Sonic  Boom 

Research,  1971,  pj>.  193-203 

This  report  reviews  the  results  of  two  sonic 
boom  studies  which  investigated  the  validity 
of  sonic  boon  theory  at  liigh  supersonic  Mach 
mntbers.  In  those  investigations  measured  wind 
tunnel  signatures  wore  compared  with  theoretical 
signatures  calculated  using  machine  computing 
programs  which  account  for  volisae,  lift,  and 
interference  affects. 

The  results  showed  that  the  theoretical  methods 
for  predicting  the  pressure  signatures  were  onlv 
qualitatively  correct  at  the  high  .'tach  numbers. 

In  general,  it  was  found  that  the  agreement 
between  theory  anti  experiment  decreased  with  both 
increasing  Mach  nual>er  and  increasing  lift  coef¬ 
ficient.  The  Mach  rnnber  effect  is  illustrated 
in  the  figure  below,  which  was  taken  from  this 
paper. 
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The  results  discussed  briefly  in  this  paper  are 
covered  in  much  more  depth  in  the  papers  soMia- 
rized  by  capsule  stannaries  G-53  and  G-S4.  This 
paper  does  give  a  good  quick  sveeutry  of  both  of 
these  reports,  however. 

G-66 

ON  THE  ANALYTICAL  METHOD  OF  CHARACTERISTICS 

Helge  Horstrud 

NASA  SP-255,  Third  Conference  on  sonic  Boce* 

Research,  1971,  pp.  421-425 

Tills  paper  expresses  the  need  for  analytical 
methods  for  the  near-field  region  about  arbi¬ 
trary  aircraft  configurations  and  labels  the 
available  theories  either  too  caaberscme  (e.g., 
method  of  characteristics)  or  too  limited  in 
applieation  (Whitham's  theory)*  An  analytical 
method  of  characteristics  is  described  which 
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titc  author  )*licvcs  has  the  potential  of  yield- 
inf  improvements  in  both  areas  of  concern. 

The  analytical  netliod  of  characteristics 
dcscrilicil  is  that  of  Oswatitsch.  This  technique 
expresses  the  nhvsieal  coordinates  of  the  char¬ 
acteristic  space  and  the  dependent  variables 
(kinenatical  and  state  ouantities)  in  a  series 
fom  of,  in  qeneral,  increasing  order  tents  of 
so»K!  snail  perturbation  parameter.  These  series 
ard  tlien  substituted  into  the  hvperbolie  system 
under  consideration,  and  the  phvsical  coordinates 
are  obtained  by  inteqratio.  along  the  bicharac- 
toristic  lines.  The  dependent  variables  for  given 
boundary  and  initial  conditions  (written  in  the 
characteristic  space)  are  found  free  the  com¬ 
patibility  relations.  This  procedure  is  then 
repeated  in  an  iterative  manner  until  the  de¬ 
sired  degree  of  accuracy  is  reached. 

The  author  concludes  bv  saying  that  this  method 
is  fundamental  to  any  study  of  supersonic  flow 
and  should  not  be  overlooked  in  the  theoretical 
aspect  of  the  sonic  boom  problem. 

This  paper  makes  a  good  case  for  the  importance 
of  Oswatitsch's  method,  but  the  degree  of  im¬ 
provement  to  be  expected  in  numerical  calcula¬ 
tions  is  not  established. 

C- 67 

.'iEASURF.D  M»  CALCULATED  SONIC  BOOM  SIGHATtmES 

FROM  SIX  HOMAXISYMJIETRIC  WIIID-TUNNEI.  MODELS 

It.  L.  Runyan,  ft.  R.  Henderson,  O.  A.  Morris, 

and  D.  J.  Maglicri 

tIASA  SP-255,  Third  Conference  on  Sonic  Boom 

Research,  1971,  pp.  341-150 

This  paper  is  axactly  the  sane  as  NASA  17:0-6143, 
which  is  discussed  in  capsule  strmry  C-52, 
except  that  this  paper  does  not  contain  the 
detailed  model  drawings  of  the  former.  The 
reader  is  reftrred  to  capsule  sumaary  G-52  i'ot 
details  of  this  paper. 

G-60 

pressure  signature  estimation  at  high  macii  numbers 

Frank  A.  Woodward 

HASA  SP-255,  Third  Conference  on  .Sonic  Boom 

Research,  1971,  pp.  437-441 

This  paper  presents  a  brief  discussion  of  a 
method  which  offers  an  improvement  over  Whith»'s 
theory  *n  the  extreme  near  field  at  high  Mach 
ntmbcrs.  In  this  mathod  the  body  in  represented 
by  a  system  of  line  sources  and  doublets  located 
along  the  configuration  axis,  and  the  wing  is 
represented  by  source  and  vortex  distributions 
located  on  panels  in  the  plane  of  the  wing. 
Interference  effects  between  the  wing  and  Ixxiv 
are  accounted  for  by  additional  vortex  panels 
on  the  body  surface  aft  of  the  wing  leading  edge. 
Linear  theory  is  then  used  to  calculate  the  pres¬ 
sure  disturbances  due  to  these  singularity 
distributions. 

A  c-nparison  between  results  predicted  by  this 
theory  and  Uhithar 's  theory  with  measured  results 
shows  that  in  the  extreme  near  field  of  a  cor.e 
cylinder  this  method  gives  a  better  estimate  of 
the  magnitude  of  the  front  shock  wave  and  the 
rate  of  flow  expansion  behind  it  than  whithass's 
theory,  especially  at  high  Mach  numbers.  For  a 


delta  wing  body  combination  at  a  uaeh  minber  of 
1.7  at  a  dintancc-to- length  ratio  of  3.6,  Whit- 
ham's  theory  shows  excellent  agreement  with 
experiment.  For  the  sane  configuration  at  a  !Iach 
mmber  of  2.7  at  a  distanco-to-length  ratio  of 
3.1  the  linear  theory  us  oil  hero  gave  much  bettor 
correlation  with  experiment  than  Whithorn's 
theory,  as  shown  in  the  figure  below. 
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Effect  of  Shift  number  on  the  near  field  prruurc  sipuluhrt  of  a 
della-Mtt  body  combination 

An  earlier  paper  by  Woodward  also  deals  with  the 
method  discussed  here  (see  capsule  simmary  G-32). 
The  improvement  in  agreement  between  exfierinent 
and  theory  ao  a  result  of  using  this  method  is 
duo  mainly  to  a  more  accurate  determination  of 
the  body  and  wing  perturbation  velocities. 


G-69 

CALCULATION  OT  SONIC  BOOM  SIGNATURES 
BY  CHARACTERISTIC  METHODS 
Sanford  S.  Davis 

AZAA  Paper  No.  72-195,  AIAA  10th  Aerospace  Science* 
Meeting,  San  Diego,  California 
January  17-19,  1972 

The  purpose  of  this  paper  i*  to  show  that,  for 
slender  bodies,  the  Major  cause  of  the  discrep¬ 
ancy  between  Whi them's  theory  and  experimental 
results  at  high  Mach  numbers  is  the  imprecise 
location  of  the  first  order  characteristics. 

Whi them's  method  corrects  only  the  streamwise 
variable,  whereas  in  the  method  derived  here  the 
first  order  bicharacteristic  lines  are  obtained 
by  correcting  all  of  th?  independent  variables 
simultaneously.  (The  bicharacteristics  are  space 
curves  which  form  the  generators  of  the  charac¬ 
teristic  surface  of  the  characteristic  partial 
differential  equation.)  To  simplify  the  manipu¬ 
lations,  the  procedure  is  applied  to  a  slender 
body  of  revolution,  reducing  the  mmber  of 
independent  variables  to  two. 

Starting  with  tbs  equations  of  notion,  a  per¬ 
turbation  series  method  is  used  to  calculate 
the  bicharacteristics  to  terns  of  o («)2,  where 
t  is  a  wall  length  parameter  of  the  body.  The 
perturbation  velocities  are  expressed  in  tews 
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of  che  F-function  of  the  body,  using  exactly 
the  same  Method  that  Whit  ham  used.  The  bl char¬ 
acteristics  are  expressed  parametrically  by 
giving  the  values  for  the  streasMiso  and  radial 
variables  <x  and  r)  in  terns  of  the  distance  t 
along  the  curve.  Tim  expressions  for  both  x  and 
r  contain  corrections  for  nonlinear  effects, 
whereas  I/hi  than  corrected  only  the  value  of  x. 
The  siiock  waves  are  fitted  into  the  field  of 
bicharacteristics  by  applying  the  Rankine- 
Hugoniot  siiock  relations.  The  pressure  field  is 
determined  free  the  streasiwise  perturbation 
velocity  and  the  P-f unction  using  Wni than ‘ s 
general  formula  (see  capsule  summary  G-3). 

The  theory  is  then  applied  to  the  case  of  a 
slender  cone-cylinder.  A  comparison  with  experi¬ 
mental  results  and  Whitham's  theory  showed  that 
the  bicharacteristic  method  gives  better  agree¬ 
ment  with  experiment  at  higher  (lech  numbers,  as 
shown  in  the  example  figure  below.  It  should  be 
noted,  however,  that  the  bicharacteristic  method 
still  gives  a  significant  underprediction  of  the 
signature  impulse. 


Qimportuni  of  factor*  teriwc  mt'lhoJ  onj  Whithorn"?  theory 

In  another  paper  (see  capsule  summary  G-56)  Davis 
uses  an  improved  version  (as  compared  to  the 
equivalent  body  method)  of  linear  theory  for  e 
nonlJ  fting  rectangular  wing  to  correct  the  char¬ 
acteristics.  This  contrasts  with  the  method  used 
in  the  present  paper,  which  uses  the  normal  F- 
f unction  form  of  the  linearised  solution  through¬ 
out. 

Although  this  method  does  offer  an  improvement 
over  Whitham's  theory  at  high  Mach  numbers,  the 
improvement  is  not  substantial  when  compared  to 
measured  data. 

G-70 

REVIEW  OF  SOHJC-B0OM  GEHERATIOH  THEORY  AHf) 

PREDICTION  METHODS 

H.  W.  Carlson  and  b.  J.  Haglieri 

The  Journal  of  the  Acoustical  Society  of  America, 

Vol .  51,  Ho.  2  (Part  3),  February  1972,  pp.  675-405 

The  state  of  the  art  of  sonic  boom  generation 
theory  as  of  1970  is  reviewed  briefly  in  this 
paper.  The  concepts  underlying  Whit ham's  theory 
(see  capsule  summary  G-3)  and  Hayes'  supersonic 
area  rule  (see  capsule  suumary  G~l)  are  dis¬ 
cussed  first.  The  use  of  a  computer  to  implement 


these  methods  for  realistic  airplane  configura¬ 
tions  is  then  discussed.  The  various  programs 
used  at  the  HASA  Langley  Research  Center  in  each, 
step  of  the  procedure  ara  listed.  These  arc  shown 
schematically  in  the  figure  below,  which  was 
taken  from  this  paper. 
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Computer  Employment  in  Sonic  Boom  Anttytm 


The  first  step  in  this  procedure  is  to  prepare 
a  numerical  model  of  the  configuration  to  be 
treated.  This  consists  of  tabulations  of  the  , 
aircraft  geometrical  characteristics.  The  wave 
drag  program  developed  by  the  Boeing  Airplane 
Company  (see  capsule  summary  G-22)  is  then  used 
to  obtain  the  area  development  of  the  airplane 
for  the  desired  Mach  number  and  azimuthal  angle. 

A  computing  program  for  the  determination  of 
linearised  theory  loadings  on  twisted  and  cam¬ 
bered  wings  of  arbitrary  planform  (see  *!fi»erical 
Method  of  Estimating  and  Optimising  Supersonic 
Aerodynamic  Characteristics  of  Arbitrary  Plan- 
form  Wings,"  by  Wilbur  D.  Middleton  end  Harry  W. 
Carlson,  J.  Aircraft,  2,  261-255  (1965))  is  used 
to  determine  the  lift  development  of  the  air¬ 
plane.  Interference  effects  are  evaluated  by  an 
auxiliary  program  (ass  Hobart  J.  Hack,  "A  w«eri- 
cal  Method  for  Evaluation  and  Utilisation  of 
Supersonic  tiacelle-Wing  Interference,"  HASA  TN 
p-5057  (1969)).  After  some  manual  work,  the 
equivalent  body  area  development  is  fad  into 
the  sonic  boom  generation  program  (sea  capsule 
summaries  G-15  and  G-29).  This  program  imple¬ 
ments  Mhithan 's  method  and  includes  a  mmerictl 
solution  for  the  area  balancing  required  in  the 
determination  of  shock  location  and  strength  and 
provides  a  complete  uniform  atmosphere  signature. 
It  also  generate*  an  P-functlon  which  can  be  used 
in  the  Hayes  computer  program  (sea  capsule  sum¬ 
mary  P-5B)  to  generate  a  pressure  signature  which 
takes  into  account  change*  brought  about  by  ita 
propagation  through  an  arbitrary  stratified 
atmosphere  with  or  without  winds. 


The  results  of  previous  wind  tunnel  tests  and 
fliqht  tests  conducted  to  detemine  the  appli¬ 
cability  of  these  techniques  aro  discussed 
briefly.  It  is  concluded  that  they  are  capable 
of* providing  reasonably  accurate  predictions  of 
overpressures  for  Moderate  supersonic  speeds. 
Applicability  of  the  prediction  techniques  at 
Mach  number*  above  3  had  not  been  thoroughly 
explored  and- it  is  stated  that  there  is  clearly 
a  need  for  further  research  in  the  hypersonic 
speed  regime. 

A  sonic-bdcm  bow  shock  overpressure  estimation 
technique  is  given.  Using  this  method  the  over¬ 
pressure  of  an  arbitrary  configuration  can  gen¬ 
erally  be  determined  within  20%.  The  method  is 
illustrated  ir.  the  figure  below. 
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previously  Carlson  had  given  state-of-the-art 
stsmtaries  for  1964 ,  1967,  and  1968  {see  capsule 
smwurlas  G-2$,  G-35,  and  G-39,  respectively) , 
This  paper  updates  these  through  1970. 

As  stated  by  the  authors,  this  review  is  intended 
to  serve  as  an  introduction  to  prediction  tech¬ 
niques  end  to  provide  an  understanding  of  sonic 
boom  generation  and  propagation  phenomena  for  tlie 
general  reader  and  for  specialists  in  other  areas 
of  sonic  boost  research  who  ere  not  involved  in 
calculating  pressure  signatures.  As  a  result  the 
subject  treatment  is  broad  and  conceptual  rather 
than  mathematical. 

G-71 

SORIC' ROOM  OP  HYPERSONIC  VEHICLES 

Y.  S.  Pan  and  W.  A.  So tossy* r 

AIAA  Journal,  10(4),  550-551,  April  1972 

This  short  note  presents  an  approximate  method 
for  determining  the  far-field  flow  pattern  of 
hypersonic  bodies.  The  flow  disturbances  in  the 
far-field  ere  taken,  as  a  first  approximation, 
to  be  equal  to  the  disturbances  produced  by  an 
equivalent  body  of  revolution  having  experienced 
the  sane  total  drag  as  the  actual  body.  The 
equivalence  of  the  hypersonic  flow  over  a  blunt- 
nosed  axisyrmetrle  slander  hod*/  having  a  long 
cylindrical  afterbody  (representative  of  the 
viscous  wake)  to  the  constant  energy  cylindrical 


blast  wave  problem  is  then  used.  Numerical  milu- 
tions  obtained  by  Piooster  in  the  weak  shock 
region  for  cylindrical  shock  waves  from  line 
sources  were  then  matched  with  the  solution  giv¬ 
en  by  Whithorn's  weak  shock  theory  (wee  capsiue 
surma ry  Complete  pressure  signatures  crt-.i 

then  be  obtained  at  any  greater  distance.  The 
resulting  expression  for  the  sonic  boom  shock 
overpressure  is : 


/  »  p\  </2 

(r/d)1^ 

(t).  ■ 9'106  V* 

TTO 74  -  °’721 

when*  P0  *  a  reference  pressure 
H  »  Mach  number 
C0  ■  drag  coefficient 
d  ■*  body  dimension 
rm  *  radial  distance  from  body 

Expressions  are  also  derived  for  the  shock  loca¬ 
tion  and  positive  phase  duration. 

A  numerical  example  is  then  given  of  the  posi¬ 
tive  phase  signatures  of  a  hypertonic  vehicle 
in  steady  level  flight.  The  results  indicate 
that  the  general  behavior  of  the  sonic  boom 
during  steady  level  flight  is  consistent  with 
that  of  the  sonic  boom  of  supersonic  vehicles. 
That  is,  the  larger  the  Mach  number,  the  larger 
the  drag  coefficient,  or  the  lower  the  altitude, 
the  larger  are  the  sonic  boom  overpressure, 
positive  duration,  and  sonic  boom  impact.  These 
results  are  illustrated  in  the  figure  below. 
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a  uniform  atmosphere.  The  following  havo  not 
been  considered  and  these  night  have  signifi¬ 
cant  influences  regarding  their  conclusion n; 


In  a  previous  paper,  Saab  ass  (see  capsule  sum- 
nary  G-47)  used  a  different  approach  and  ob¬ 
tained  an  expression  for  the  bow  shock  over¬ 
pressure  which  takes  into  account  atmospheric 
stratification. 


C-72 

Tll£  HAVE  FORMATION  AMD  SONIC  BOOH  IXJE  TO  A  DELTA  WHIG 

K.  Oswatitsch  and  V.  C,  Sun 

The  Aeronautical  Quarterly,  Volisse  23,  May  1972, 

Part  2,  pp.  87-106 

This  paper  is  very  similar  to  an  earlier  paper 
by  Oswatisch  and  Sun  (see  capsule  summary  3-49), 
except  that  a  flat  delta  wing  with  supersonic 
leading  edges  is  used  here  instead  of  a  delta 
wing  with  uniform  loading.  The  analytical  method 
of  characteristics  is  used  again  here  (see  cap¬ 
sule  summary  G-491 

The  analysis  is  confined  to  the  determination 
of  the  front  shock  in  the  vertical  plane  of 
symmetry.  Air  stratification  is  not  taken  into 
account.  The  influence  of  spatial  flow  on  the 
wave  front  of  the  plane  of  symmetry  is  con¬ 
sidered  briefly,  and  it  is  concluded  that  an 
analysis  of  the  characteristics  in  this 
vertical  plana  alone  is  sufficient. 

The  results  of  the  study  show  that  In  the 
vertical  plane  of  symmetry  below  the  wing 
a  full  cancellation  of  the  front  shock  will 
usually  be  effected  at  a  finite  distance  from 
the  wing  by  the  plane-wave  expansion  emanating 
from  the  trailing  edge.  Beyond  *-Se  terminating 
point  of  the  front  shock,  no  sh-rp- front  wave 
signature  can  be  expected  from  the  wing,  and 
the  bosci  signature  will  begin  with  a  gradual 
rise  of  v«ction.  This  difference  from  the 
signature  due  to  a  body  of  revolution  is 
important  f'roa  the  standpoint  of  aonic  boom 
analysis,  since  the  type  of  pressure  incre¬ 
ment  plays  a  significant  role  in  defining 
the  effects  of  son.-e  boon.  Another  result 
is  that  the  shape  of  the  pi an form  of  the  wing 
may  sxert  considerable  .ifluence  on  the  front 
shock  as  well  as  the  rear  ore.  It  is  concluded 
that  the  nonequivaiencs  of  a  wing  to  a  body 
of  revolution  in  the  far-fieid  implies  that, 
for  a  wing  of  finite  aspect  ratio,  a  correct 
description  of  th<*  far-field  can  only  be 
arrived  at  by  taking  the  near-  and  intermediate- 
fields  properly  into  account. 

The  results  of  this  paper  differ  from  the 
previous  paper  by  oswatitsch  and  Sun  in  that 


1.  The  affect  of  aspect  ratio  has  not  been  con¬ 
sidered.  The  conclusions  regarding  the  cancel¬ 
lation  of  the  front  shock  may  he  a  fairly  strong 
function  of  the  aspect  ratio.  Most  supersonic 
airplanes  have  an  aspect  ratio  of  less  than  2. 

2.  There  is  no  consideration  of  the  influence  of 
the  voltsao  of  the  wing.  This  influence  should  he 
considered  in  that  it  produces  shock  waves  at 
Loth  the  leading  and  trailing  edges  which  will 
interact  with  the  lift-induced  pressure  field. 

This  undoubtedly  has  a  significant  effect. 

3.  There  is  no  consideration  of  the  influence 
of  the  stratification  of  density  and  tempera¬ 
ture  in  the  media.  Hayes  has  shown  that  this 
influence  is  to  slow  the  aging  (or  developncnt) 
of  the  pressure  field.  For  instance,  at  llach 
2.7  the  pressure  signature  in  the  standard  at¬ 
mosphere  that  has  propagated  60,000  feet  will 
look  as  if  it  had  only  propagated  27,000  feet 
in  the  uniform  atmosphere.  That  is,  the  effect 
of  stratification  is  to  retard  or  inhibit  the 
coalescence  of  the  shock  waves  and  the  pressure 
signature.  Hence  the  point  where  the  front  shock 
disappears  may  never  be  reached  in  the  real 
atmosphere.  This  influence  must  al3o  be  considered. 

The  analysis  method  looks  very  promising  in 
terms  of  inproving  the  accuracy  of  predictions 
made  for  airplane  configurations  (3-D  objects) 
but  the  above-mentioned  influences  must  bo  token 
into  account  before  any  metrical  results  can  ho 
quoted  with  any  degree  of  confidence. 

C-73 

A  FLIGHT  TEST  INVESTIGATION  OF  THE  SONIC  BOOM 

Marshall  E.  Mullens 

Force  Flight  Test  Center,  Edwards  Air  Force 

Base,  California,  AFFTC-TO-56-20,  May  1956 

In  the  investigation  discussed  in  this  paper, 
flight  tests  were  conducted  to  measure  the 
sonic  boom  generated  by  an  F-100  in  level 
supersonic  flight.  Data  was  obtained  at  Mach 
1.05  at  two  altitudes,  25,000  and  35,000  feet 
by  flying  a  second  F-100,  instrumented  for 
static  pressure  measurements,  through  the 
shock  wave  pattern  of  the  test  aircraft.  The 
separation  distance  between  the  two  aircraft 
varied  between  100  and  2000  feat. 

The  following  conclusions  were  reached  as  a 
result  of  this  investigation: 


this  paper  stows  that  the  delta  wing  is  not 
equivalent  to  a  body  of  revolution,  even  in 
the  far-field,  while  the  previous  paper  found 
that  in  the  far-field  the  delta  wing  could  be 
represented  by  a  body  of  revolution.  This  is 
not  due  to  any  errors  in  the  earlier  paper.  It 
is  a  result  of  a  mere  extensive  investigation 
of  the  flow-field  development-  In  this  paper. 

The  finding  that  the  front  shock  is  cancelled 
at  a  finite  distance  from  the  delta  wing  is  of 
tremendous  potential  significance.  However, 
the  fact  that  such  a  cancellation  has  never 
been  experimentally  verified  raises  questions 
as  to  the  validity  of  this  finding*  This 
analysis  considers  only  a  lifting  mseihrane  in 


i.  The  initial  rate  of  decay  of  the 

strength  of  be w  shock  versus  distance 
was  found  to  to  quite  large  and  in 
accordance  with  Whithaa's  asyrgitottc 
formula  (see  capsule  summary  G-3) . 

It  was  concluded  that  the  pressure 
rise  at  ground  level  for  very  low 
altitude  supersonic  flight  can  to  as 
much  as  60  psf. 

3.  It  was  concluded  that  high  Mad:  masher 
airplane  *‘ly-bv»  are  potential  safety 
hazards  and  should  be  approached  with 
caution. 


4.  The  occurrence  of  the  sonic  boon  at 
ground  level  was  found  to  be  dependent 
upon  the  prevailing  atmospheric  condi¬ 
tions  and,  therefore,  difficult  to 
predict. 

The  main  significance  of  this  investigation  is 
that  it  was  the  first  attempt  to  verify  sonic 
boom  theory  using  actual  flight-test  measure¬ 
ments.  However,  this  investigation  was  not  as 
extensive  as  many  similar  later  investigations 
(see  capsule  summaries  G-9,  G-12,  and  G-16, 
for  example) . 

G-74 

THE  AERODYNAMICS  CF  THE  SUPERSONIC  BOOM 
Harry  s.  Carlson 

IAS  Paper  Mo.  59-115,  Presented  at  the  IAS  National 
Su-wwr  Meeting,  Los  Angeles,  California,  June  16-19, 

1959 

This  paper  is  an  abbreviated  version  of  a  later 
paper  by  Carlson  (see  capsule  summary  C-7) .  me 
reader  is  referred  to  the  capsule  summary  of 
that  paper  for  details. 

G-75 

A  WIND  TUNNEL  INVESTIGATION  AT  A  MACH  NUMBER  OF 
2.01  CF  THE  SONIC  BOOM  CHARACTERISTICS  OF  THREE 
KING-BODY  COMBINATIONS  DIFFERING  IN  WING  LONGI¬ 
TUDINAL  LOCATION 
Odell  A.  Morris 
NASA  TS  D-I384,  Sept.  1962 

This  paper  presents  tile  results  of  a  wind  tunnel 
investigation  concerning  the  influence  of  con¬ 
figuration  design  on  the  sonic  boon  intensity. 
Three  wing-body  configurations  having  different 
longitudinal  locations  of  the  wing  were  tested 
at  Mach  numbers  of  2.01.  Measurements  of  the 
pressure  fields  generated  by  the  models  (fuse¬ 
lage  length  of  1  inch)  were  mads  for  three 
different  horizontal  positions  at  stations  up 
to  50  body  lengths  from  the  models  and  for  lift 
coefficients  up  to  0.2. 

The  measured  bow  shock  overpressures,  after 
being  adjusted  to  account  for  model  vibration 
using  the  method  described  in  capsule  summary 
G~16,  were  compared  with  theoretical  values 
calculated  using  vftiithaa's  asymptotic  formula 
(see  capsule  summary  G-3)  and  an  f-function 
derived  by  walkden  (see  capsule  summary  G-6, 
which  accounts  for  both  lift  and  volume  effects. 
It  was  found  that,  for  all  three  configura¬ 
tions,  most  of  the  theoretically  computed 
points  fell  within  a  range  of  US  percent  of 
the  adjusted  bow  shock  pressures. 

This  study  demonstrated  the  essential  validity 
of  the  Whitham-Kalkden  theory  in  predicting 
the  change  in  bow  shock  overpressure  caused  by 
a  change  in  configuration  variables. 

G-76 

A  NOTE  <21  THE  SONIC  BANG  WAVEFORM  OF  AS  AIRCRAFT 
WITH  LIFT 
C.  H.  E.  Warren 

Journal  of  The  Royal  Aeronautical  Society,  Vol.  67, 
Sopteaeer  1963,  p.  595 

This  «hort  note  discusses  the  sonic  boom  pres¬ 
sure  signature  of  a  lifting  aircraft.  The  twin 


point  made  is  that,  even  for  an  aircraft  with 
lift,  at  large  distances  from  the  flight,  path 
the  pressure  jumps  associated  with  the  bow  and 
stem  shocks  of  the  N-wave  are  equal  and  the 
positive  and  negative  phases  are  of  equal  dura¬ 
tion.  The  lift  is  associated  with  a  contribu¬ 
tion  to  the  pressure  which  is  negligible  at 
large  distances. 

Sigalla  (see  capsule  stannary  G-17)  showed  in  an 
earlier  paper  th  it  the  transfer  of  lift  to  the 
ground  can  be  a  counted  for  when  the  complete 
linear  theory  is  used  to  compute  the  pressure 
field  rather  than  the  asymptotic  approximation 
to  linear  theory  used  by  Whithaa. 

G-77 

LIFT  PRODUCED  BY  A  SONIC  BOCM 
A.  Sigalla 

Journal  of  the  Royal  Aeronautical  Society,  Vol. 

67,  December  1963,  p.  796 

This  short  note  points  out  that  the  question 
raised  by  Warren  (see  capsule  summary  S-77) 
concerning  the  transfer  of  iift  from  an  air¬ 
craft  to  the  ground  was  answered  in  a  previous 
paper  (see  capsule  sumary  G-17)  by  the  auti.  r 
of  the  present  paper.  In  his  paper  Warren 
pointed  out  that  the  lift  is  associated  with 
a  contribution  to  the  pressure  field  whicn  is 
negligible  at  large  distances,  which  makes  it 
extremely  difficult  to  determine  the  iift 
from  a  knowledge  of  the  pressure  distribution 
in  the  far  field.  However,  this  was  done  in  a 
vary  straightforward  manner  by  Sigalla  in  his 
earlier  paper.  The  reader  is  referred  to  the 
capsule  summary  of  that  paper  for  details. 

G-7B 

NOMOGRAMS  FOR  DETERMINING  SONIC  BOOM  OVERPRESSURE 
Cr.arlie  H.  Jackson,  Jr.  and  Harry  W.  Carlson 
Journal  of  Aircraft,  Vol.  3,  No.  1,  Jan. -Feb.  1966, 
pp.  74-76 

This  short  note  presents  two  nomograms  which 
can  be  used  to  estimate  the  asymptotic  bow  shock 
overpressure  of  an  aircraft  once  its  Mach  num¬ 
ber,  flight  altitude,  length,  and  weight  are 
known.  The  nomograms  were  derived  using  data  for 
current  (1966  and  older)  airplane  configurations 
which  restricts  the  application  to  conventionally 
designed  airplanes. 

G-79 

SONIC  BOOM  OF  BODIES  OF  REVOLUTION 
K.  Oswatitsch 

Aircraft  Engine  Noise  and  Sonic  Boom,  AGARD  Con¬ 
ference  Proceedings  No.  42,  May  1969,  pp.  11-1 
through  11-9 

This  paper  presents  a  brief  outline  of  work 
that  was  being  done  concerning  sonic  boom*  at 
the  DVLR  -  Institute  of  Theoretical  Gasdynamics 
in  Seraany.  The  problems  briefly  touched  upon 
using  the  aid  of  an  analytical  method  of  char* 
acteri sties  are: 

l.  The  sonic  boom  generated  by  inclined  and 
non-inclined  bodies  of  revolution  moving 
at  a  constant  supersonic  speed. 
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i.  The  soriie  booa  generated  by  a  non-inclined 
body  of  revolution  moving  at  an  increasing 
or  decreasing  transonic  speed. 

J.  Tli"-*  influence  of  the  isothermal  stratifi¬ 
cation  of  the  atmosphere  on  the  sonic  booa, 

ir.  later  papers  ( ice  capsule  suanaries  G-49  and 
G-72)  oswaticsch  and  Sun  use  the  analytical 
method  of  characteristics  to  investigate  the 
sonic  boom  due  to  a  lifting  delta  wing. 

G-00 

~M  THE  EXPERIMENTAL  DETERMINATION  OF  THE  NEAR-FIELD 
BEHAVIOR  OF  THE  SONIC  BOOM,  AND  ITS  APPLICATION  TO 
PROBLEMS  Or*  N-WAVE  FOCUSING 
Donald  J.  Collins 

AIAA  Paper  No.  71-85,  Presented  at  AIM  9th  Aero¬ 
space  Sciences  Meeting,  New  York,  New  York, 

January  25-27,  1«71 

This  paper  describes  an  experiment  conducted  in 
a  free-flight  ballistics  range  constructed  ir, 
the  Guggenheim  Aeronautical  Laboratory  at  the 
California  Institute  of  Technology,  There  were 
two  parts  to  the  experiment.  The  purpose  of  the 
first  part  was  to  examine  in  detail  the  behavior 
of  the  sonic  booa  generated  by  a  non-lifting, 
axially  symmetric  projectile  in  a  homogeneous 
atmosphere  in  order  to  determine  the  degree  to 
which  Whlthaa's  asymptotic  theory  (see  capsule 
sumary  G-3)  is  valid  in  the  aid-  and  near¬ 
fields,  before  the  pressure  signature  has  at¬ 
tained  its  asymptotic  foie.  The  purpose  of  the 
second  portion  of  the  experiment  was  to  examine 
the  intensification  and  attenuation  of  the  sonic 
boor,  by  its  interaction  with  obstacles.  Only  the 
results  of  the  first  portion  of  the  experiment 
will  be  summarized  here.  For  a  discussio.. 
the  second  portion  of  the  experiment,  the  reader 
is  referred  to  capsule  summary  P-116. 

The  projectiles  used  in  this  experiment  v-  re 
standard  ilO  grain  hollow  point  and  ISO  g -air. 
fiat  based  Spitzer  308  caliber  bullets.  They 
were  fired  from  a  Model  1903-A3  National 
Ordnance  30-06  barreled  action  mounted  from  the 
ceiling  of  the  laboratory.  The  projecti  e  Mach 
numbers  were  varied  within  the  range 
1.14*  2.6  by  controlling  the  type  ,nd  amount 

cf  powder  used  in  each  round.  Pressure  signa¬ 
tures  were  measured  at  radial  distah ;es  of 
3.0<  P/L  <  100,  where  R  is  the  rad.al  distance 
from  the  projectile  flight  path  acd  L  is  the 
projectile  length. 

The  measured  bow  shock  overpressures ,  signature 
length,  rate  of  pressure  fall  between  shocks, 
and  rear  shock  overpressure  wete  compared  to 
the  theoretical  values  predicted  by  Whitham’s 
asymptotic  theory.  The  agreement  was  found  to 


asymptotic  theory.  He  found,  m  agreement  with 
the  earlier  results  of  Du  Mend,  et.  al.  (ses 
capsule  summary  P-2) ,  that  the  point  at  which 
essential  agreement  was  obtained  between  the 
measured  results  and  the  values  calculated 
from  Whi that's  asymptotic  theory  was  at  about 
R/L  *  IOC.  However,  in  the  present  investigation 
more  extensive  measurements  of  the  near-field 
were  made  than  in  the  earlier  investigation. 

This  was  a  significant  investigation  because  it 
was  the  first  to  obtain  sufficient  data  through¬ 
out  the  aid-  and  near-field  range  to  determine 
the  complete  manner  in  which  Whith art's  asympto¬ 
tic  theory  becomes  less  accurate  as  distance 
frees  the  body  decreases. 

G-81 

AN  IMPROVED  METHOD  FOR  CALCULATING  SUPERSONIC 

PRESSURE  FIELDS  ABOUT  BODIES  CF  REVOLUTION 

Robert  J.  Hack 

NASA  TS  D-65C3,  October  1971 

This  paper  presents  an  improved  near-field 
method  for  calculating  the  sonic  boom  pressure 
signature  at  high  supersonic  Mach  numbers  of 
a  body  of  revolution.  When  Whithaa  derived  his 
general  Cnear-rield!  theory  (see  capsule  surc 
oary  G-3)  an  approximate  equation  for  the  char¬ 
acteristics  (l.e.,  the  loci  of  points  influenced 
by  a  given  source  distribution)  was  used.  This 
approximation  resulted  from,  the  assumption  that 

(Jr/y  was  large,  wr.ere  (?  -  »  r  is  the  radial 

instance  from  the  flight  path,  and  y  is  the  dis¬ 
tance  from  the  nose  of  the  body  at  which  the 
specified  characteristic  intersects  the  body 
axis.  In  the  present  paper  this  assumption  was 
not  made.  Thus  ths  expression  for  the  charac¬ 
teristics  is  dependent  upon  both  the  body  radius 
Riy)  and  the  integral  of  the  function  F(y)  ir. 
the  near  field,  whereas  Whithorn's  characteris¬ 
tics  show  no  such  dependence.  This  is  the  basis 
of  the  improved  theory  discussed  in  this  paper. 

In  order  to  determine  whether  or  not  the  im¬ 
proved  theory  gives  better  results  in  the  near 
field  of  a  body  c-f  revolution  at  high  Mach  num¬ 
bers  than  Whithan’s  theory,  the  wind  tunnel 
data  obtained  in  an  earlier  investigation  (see 
capsule  summary  3-54)  is  used.  Comparisons  are 
made  between  the  improved  method,  Whith arc's 
theory,  and  vlnd  tunnel  results  for  four  bodies 
cf  revolution  -  three  closed-nose  bodies  and 
one  ducted  body.  At  Mach  nuxeers  of  2.96,  3.83, 
and  4,63  and  ratios  of  radial  distance  to  tody 
length  of  1.0,  2.0,  and  5.0,  the  results  showed 
that  the  improved  method  did  reasonably  well  in 
predicting  fjcw-field  pressure  signatures  and 
represents  a  definite  improvement  over  Whithara'r 
near-field  theory. 


be  within  i0\  for  ail  quantities  at  a  distance 
of  R/L  =>  10,  despite  significant  evidence  of 
mid-fiold  effects  in  the  N-wave  signature.  As 
expected  the  agreement  improved  with  increasing 
distance,  and  at  a  distance  of  R/L  »  100  the 
measured  and  calculated  values  were  essentially 
the  . 

In  a  cue.  earlier  investigation  (see  capsule 
summary  G-I4)  Kane  also  used  a  ballistic  range 
to  investigate  ths  range  of  validity  of  Whithan's 


The  fact  that  whithan's  near-field  theory 
becomes  increasingly  inaccurate  at  Mach  nuaberr 
above  about  3.0  had  been  demonstrated  in  in¬ 
vestigations  by  Hicks,  et  al.  (see  capsule  sUm- 
mary  0-3Ji,  !4;l)er,  et  al.  (see  capsule  suiswiry 
G-53),  o:,d  throne,  et  al.  (see  capsule  suimary 
G-54) .  a  iso,  in  an  earlier  paper  'Poodvard  (see 
capsule  summary  G-68)  presented  an  improved 
near-fleld-high-Mach-nusber  method  which  was 
based  upon  representing  the  aircraft  configu¬ 
ration  by  various  types  of  singularities  rather 


m 
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Uiw  cy  an  equivalent  body  of  revolution.  How¬ 
ever,  the  method  of  the  present  paper  is  less 
ccaplex  laithcugli  it  is  more  coupler,  than 
MuthieN  ajiSodl  and  appears  to  give  satis¬ 
factory  results. 


G-02 

Studies  scs;: 

V.  S.  Pan  and  M. 
AIAA  Paper  Ho.  7 


BJgM  AT  HIvai  MACH  NUMBERS 
...  Varner 

'-652,  Presented  at  AIAA  5th  Fluid 


and  Plasm  Dynasics 
Massachusetts)  June 


lonterenee,  Boston, 
26-28,  197;; 


I this  paper  preliminary  theoretical  studies 
oi  the  flow  fields  surrounding  slender  nodies 
at  high  supersonic  and  hypersonic  Mats',  nunhe rs 
are  p' resented.  For  a  share-nosed  s lender  body 
in  the  high  supersonic  fie-,  me  rotational 
effect  of  the  flow  field  behind  the  moderate 
strength,  attached  leading  shock  wave  >s 
into  account.  The  study  is  cased  on  the  con¬ 
cept  of  die  shock -expansion  method  and  is 
carried  out  using  a  quasi- 1  inear  approach .  By 
comparing  she 


sulations  of  the  present  study 


with  those  ot  Whitbas's  near-field  theory  (see 
capsule  sunn ary  -3-31 ,  it  is  shown  that  the  ro¬ 
tational  effect  represented  by  the  entropy  in¬ 
crease  across  the  leading  shock  wave  has  u 
emulative  effect  and  a  local  effect  cr,  the 
flow  field.  This  rotational  effect  is  disinished 
for  snail  flew  deflections  and  at  lew  super¬ 
sonic  Mach  numbers. 

The  far-fisli  flow  patterns  for  a  blunt-nosed 
body  at  hypersonic  speeds  are  obtained  by  using 
the  hypersonic  equivalence  principle  and  the 
existing  near-field  cylindrical  wave  solution. 

This  theory  was  dev.' loped  ir.  *n  earlier  paper 
by  Pan  and  So  to  nay  tr  (see  capsule  sumary  G-72j. 
The  reader  is  referred  to  the  capsule  surzaary 
of  that  paper  for  details  of  this  theory. 

In  a  previous  paper  .'see  catsuit  sustary  c-Bi! 

Mack  developed  an  i=g.roved  aetheu  (as  co-par  ed 
to  Wiiiuiaei’s  theory*  for  calculating  the  super¬ 
sonic  pressure  fields  of  bodies  of  revolution. 
Although  that  net hod  does  not  account  for  non¬ 
linear  effects  as  adequately  as  the  method  of 
the  present  paper,  it  is  msen  simpler  and  ap¬ 
pears  to  give  satisfactory  results  for  slender 
bodies  of  revolution. 

G-83 

THt  BEHAVIOR  Of  SUPERSONIC  FLOW  PAST  A  BODY  Of 
REVCi.IT ION ,  FAS  FROM  THF  AXIS 
G.  B.  VhJthas 

Proceedings  of  the  Koval  Society  Series  A,  Vol.  ?Ui, 
1950,  pp.  89-109 

ln# this  paper  a  solution  i»  obtained  to  the  exact 
equations  of  aoticn  for  the  supersonic  flow  past 
a  body  of  revolution.  The  solution  derived  is 
valid  only  at  large  distances  Eras  the  body  axis. 
The  solution  is  found  as  a  series  in  descending 
powers  of  r  (radial  distance  froa  body  axis), 
and  it  is  shown  that,  for  the  case  ->f  a  slender 
body  when  the  disturbance  can  be  assisted  to  be 
ssall  and  hence  certain  terse  neglected ,  the  solu¬ 
tion  has  the  same  form  as  the  expansion  of  Che 
linearised  one  except  that  the  approximate  char¬ 
acteristic  variable  a  -  r*i{K*  -  I.)  is  rep. aeed 
therein  by  the  exact  one  y  (x,r)  such  that  y  » 
constant  is  ar.  enact  characteristic  curve.  H>— .ce 
it  is  deduced  that  the  only  failure  of  linearized 


theory  at  large  distances  is  Chat  the  character¬ 
istics  in  it  are  incorrect.  The  only  real  use 
side  of  this  fact,  however,  is  that,  by  eoapari- 
sor.  the  arbitrary  function  and  consrsnt#  appearing 
in  the  general  theory  are  obtained  in  terms  of  the 
body  shape.  It  is  not  until  a  later  paper  by 
Vh i than  (gee  capsule  summary  G-3)  that  the  full 
potential  of  this  finding  is  exploited  by  staking 
the  starting  point  of  the  theory  the  fundamental 
hypothesis  that  linearized  theory  gives  a  valid 
first  approximation  to  the  flow  evr» where  pro¬ 
vided  that  in  it  che  approximate  characteristics, 
are  replaced  by  the  exac.  ones.  The  sigr.if leaner 
of  Che  present  paper  is  c.iat  it  laved  the  ground¬ 
work  for  ahtthas's  later  paper. 


—HE  RELATION  BETWEEN  HIHIKIZIHO  DRAG  AND  HOISE  AT 
SUPERSONIC  SPEEDS 
Adolf  Essesann 

Proceedings  cf  the  Conference  on  High -Speed 
Aerodynes ics ,  Polytechnic  institute  of  Brooklyn, 
January  20-22,  1955,  pp.  121-144 

■This  paper  discusses  the  far-fioid  overpressures 
resulting  f roc.  the  lift  and  volume  effects  of  a 
body  in  Supersonic  flight  and  the  relation  be¬ 
tween  minimising  the  wave  drag  of  a  body  and 
minimizing  the  sonic  toon  intensity.  For  a 
sirrsary  of  the  discussion  of  tiie  latter  topic 
see  capsule  s  notary  M-l . 

Equations  are  presented  for  calculating  the 
shock  strength  in  the  far- field  for  an  axial 
symmetric  cone  ar.d  for  a  lifting  delta  wing 
using  linear  theory.  The  transfer  of  lift  fro** 
the  airplane  to  the  ground  is  discussed.  The 
figure  below,  wfc*ch  was  taken  iron  this  paper , 
illustrates  Buseaann’s  concept  of  the  “lifting 
crowbar”  which  accomplishes  this  transfer  of 
lift.  The  crowbar  is  a  sodif ied  version  of  tine 
lifting  hyperbola  by  which  the-  airplane  weight 
is  actually  transierred  to  the  ground. 


W 


H  *  Reflection  factor 
»  *  Airplane  weight 
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This  paper  vaa  the  first  tc  discuss  the  effects 
of  rift  or.  sonic  boos  and  the  transfei  of  air- 
p’ar.e  weight  to  the  ground , 
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Preceding  page  Hank 
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P-1 

SOU  I  IP  5IAVED  I!i  TUP  ATMOSPHERE 
E.  A,  Milne 

Philosophical  Magazine,  S.6,  Vol.  42.,  !Io,  247, 

July  1921,  pp.  96-114 

Tho  equations  of  propagation  of  sound  waves  are 
derived  in  this  paper  for  a'  raediun  in  which  the 
volocity  of  the  mediun  and  the  speed  of  sound 
vary  from  point  to  poi.it.  These  equations  ere 
in  two  sots,  one  expr*-5ing  the  convection  at 
each  point  and  the  o  r  the  refraction.  The 
derivation  is  linit  ,  steady  notion  of  the 
medium. 

The  derivation  is  based  upon  the  following 
hypothesis:  "The  motion  of  a  wave  front  is  the 
same  as  if  at  each  moment  each  point  of  it  were 
moving  with  a  velocity  compounded  of  (1)  the 
velocity  of  sound  at  the  print  considered,  taken 
in  the  direction  of  the  normal  to  the  wave- front 
at  this  point,  drawn  in  the  direction  in  which 
the  wave-front  is  progressing;  (2)  the  velocity 
of  the  medium, at  the  point." 

Thie  principle, allows  the  successive  positions 
of  the  wave-front  to  be  determined  if  the  motion 
of  the  medium  and  the  speed  of  sound  at  each 
point  is  known.  The  curve  who ye  tangent  at  each 
point  is  in  the  direction  of  the  resultant 
velocity  taken  at  the  instant  when  the  wave- 
front  passes  through  the  point  is  defined  as  a 
"sound  ray."  Equations  are  then  derived,  using 
e  straightforward  application  of  the  above 
principle,  for  the  complete  sound  rey  passing 
through  a  given  point  and  the  partial  differential 
equation  satisfied  by  a  family  of  surfaces  suc¬ 
cessively  occupied  by  e  given  wave-front.  The 
equations  for  the  sound  rey  ere  then  simplified 
to  the  case  of  a  point  source  in  e  stratified 
atmosphere  for  which  the  vertical  component  of 
velocity  can  be  neglected. 

*  or  r„.ls  stratified  atmosphere  the  general 
hxprr  Jion  of.  the  lew  of  refraction  (Snell's 
v  4s  obtained: 

aaectf  -  a  secs  ■  u  -  u 
o  o  o 

where  a  -  speed  of  sound;  sero  subscript  denotes 
Initial  value;  u  -  borisontal  component  of  wind 
velocity  in  direction  of  given  sound  ray;  6  -  angle 
wave-front  normal  makes  with  horizontal. 

It  is  also  shown  chat  the  asimuthal  angle  of  the 
wave-front  normal  along  a  particular  ray  remains 
constant. 

Thie  was  the  first  generalised  treatment  of 
sound  propagation  in  three  dimensions.  The  two 
results  given  above  for  a  stratified  atmosphere 
were  very  significant  developments  in  the  theory 
of  sound  propagation. 

P-2 

A  DETERMINATION  OF  THE  WAVE  PORMS  AND  LANS  or 
PROPAGATION  AND  DISSIPATION  OF  BALLISTIC  SHOCK  NAVES 
Jesse  N.  M.  MMond,  E.  Richard  Cohen,  W,  K.  H. 
Panofsky,  and  Edward  Deed*  ‘ 

The  Journal  of  the  Acoustical  Society  of  America, 

Vol.  18,  No.  1,  July,  1946,  pp.  97-118 


Doth  theory  and  experiment  ere  Vmed  ip.  this 
investigation  to  determine  the  laws  which  govern 
the  propagation  and  dissipation  of  ballistic 
shock  waves.  Dallistic  tests  using  bullets  of 
various  calibers  are  used  to  obtain  experimental 
data.  A  theory  is  then  developed,  which  is  based 
mainly  on  conservation  of  energy,  which  supports 
the  measured  data. 

The  bullets  tested  were  of  the  following  calilicrs; 
0.30,  0.50,  20m,  and  40m.  The  peak  amplitudes, 
wave  lengths,  and  complete  pressure  signatures 
of  the  shock  waves  of  each  of  these  bullets  were 
then  recorded  using  microphonos  and  oscilloscopes. 
The  same  general  wave  form  was  found  to  character¬ 
ise  the  ballistic  chock  waves  from  all  the  calibers 
studied.  This  consists  of  a  sharp  rise  in  pressure 
followed  by  a  nearly  linear  decline  to  a  value 
about  as  far  below  atmospheric  as  the  original 
rise  *rd  then  a  very  sudden  return  to  atmospheric 
proesure.  Thie  type  of  wave  la  referred  to  as  an 
“N-wave."  The  measurements  showed  the  peak  ampli¬ 
tude  of  these  shock  waves  to  depend  on  miss  dis¬ 
tance,  d,  according  to  the  law 

amplitude  -  K/dn;  K  “  a  constant  depending  on 
caliber,  3/4  <  n  <  1. 

The  exponent  n  appeared  to  have  about  the  value 
S/4  for  the  three  smaller  calibers  studied  but 
for  40-sm  bullets  n  was  closar  to  one  (about 
0.9  t  0.1) .  The  statistical  fluctuations  in  the 
amplitude  measurements  with  microphones  made  it 
difficult  by  such  means  to  determine  n  very 
precisely. 

The  "wasuramanta  also  showed  the  wavelength  to  be 
proportional  to  the  fourth  root  of  the  miss  dis¬ 
tance.  The  wavelength  wes  found  to  increase  with 
increasing  caliber. 

A  theory  is  then  developed  which  is  consistent 
with  the  field  results.  Instead  of  solving  the 
wave  propagation  equations  in  three  dimensions, 
the  approximate  method  of  computing  the  depend¬ 
ence  of  amplitude  on  miss-diatance  by  using  the 
principle  of  conservation  of  the  wave  energy 
(taking  into  account  tha  rate  at  which  it  is 
degraded  into  hast)  is  used.  The  average  energy 
density  in  the  velum*  of  revolution  between  the 
front  and  rear  shock  waves  is  assumed  to  diminish 
due  to  three  reasons,  the  first  two  being  merely 
geometrical  increases  in  the  volume  containing 
tha  energy  and  the  third  being  the  dissipation 
into  heat.  The  geometrical  changes  are  the  in¬ 
crease  in  the  wavelength  of  the  shock. 

The  Rankine-Hugoniot  relations  aro  darlved  from 
the  laws  of  conservation  of  mass,  moment  tan,  and 
energy.  Ther-  relatione  axe  then  eimplifled  to 
the  case  of  weak  chock  waves.  Using  these  rela¬ 
tions,  the  thermal  losses  resulting  from  the 
irreversible  changes  of  state  occurring  at  the 
shocks  are  derived.  It  is  also  shown  that  the 
dissipation  in  the  form  of  kinetic  energy  is  of 
higher  order  than  the  thermal  losses  end  can 
thus  be  neglected.  The  rate  of  dissipation  into 
heat  is  also  computed  by  an  alternate  hydro- 
dynamic  .method  and  the  results  agree  with  those 
of  the  previous  derivation. 

The  equation  giving  the  rate  of  dissipation  of 


shock  energy  into  heat,  together  with  the  prop¬ 
agation  3j>cods  of  the  front  anti  rear  stocks,  is 
used  to  determine  the  rate  of  change  of  energy 
in  the  volume  of  revolution  contained  between 
the  two  shocks .  Tto  amplitude  of  the  shock  waves 
:o  then  taken  to  be  proportional  to  the  square 
root  of  the  energy  density.  The  results  show 
that,  for  sufficiently  large  miss  distances  (y 
greater  than  about  1,000  projectile  dianoters) 

AP  -3/4  1/4 

y  *  (const. )y  and  E  -  (const. )y 

o 

where  AP  “  bow  3hock  overpressure,  P0  ■  ambient 
pressure,  l,  =  wavelengtli,  and  y  »  nis3  distance. 

These  equations  are  in  good  agreement  with  the 
uxjvrinontal  results,  except  tliat  in  the  equation 
for  the  amplitude  of  the  shock  wave  the  exponent 
of  the  miss  distance  is  a  little  too  small  for 
the  40-m  results.  It  is  hypothesized  tliat  thin 
may  be  interpreted  as  meaning  that  for  this  large 
calitor  the  asymptotic  rate  of  decay  is  not 
attained  until  greater  miss  distances  than  those 
observed. 

The  results  found  tore  agree  with  the  later  results 
of  > /hi  than  (see  capsule  sumary  G-3) ,  which  show 
the  pressuie  amplitude  to  be  inversely  proportiomil 
to  the  three-fourths  power  of  the  nisn  distance 
and  the  wavelength  proportional  to  the  fourth  root 
of  the  niss  distance. 

This  is  a  very  significant  paper  in  sonic  boom 
propagation  theory.  It  was  the  first  to  correctly 
predict  the  decay  rate  of  the  bow  shock  ovorpressure 
and  the  rate  of  increase  of  wavclonqth,  and  to 
verify  these  findings  experimentally.  The  physical 
ideas  behind  the  mathematical  derivations  are 
explained  very  clearly,  making  this  a  very  read¬ 
able  paper. 

P-3 

THE  PROPAGATION  OF  SOUND  Itj  Ai:  Illl!OHOGnir.OtJS  MID 

HOVIKG  MEDIUM  I 

D.  Blokhintzev 

The  Journal  of  the  Acoustical  Society  of  America, 

Vol.  10,  Ho.  2,  October,  1946,  pp.  322-334 

The  wave  equations  for  the  propagation  of  sound 
in  an  iniiomogencous  and  moving  medium  are  derived 
in  tills  paper.  Special  cases  arc  also  considered, 
and  a  generalization  of  Huygens'  principle  is 
given  for  a  moving  medium.  The  genoral  conations 
of  acoustics  are  dealt  with  in  the  approximation 
of  geometrical  acoustics. 

The  equations  for  the  propagation  of  sound  are 
asrivqd  at  by  proceeding  from  the  general  hydro- 
dynanical  aquations  of  a  compressible  fluid  dis¬ 
regarding  only  the  viscosity  and  the  heat  conduc¬ 
tion  of  the  medium.  The  velocity,  density,  pressure 
and  entropy  are  all  assumed  to  undergo  a  snail 
perturbation  due  to  the  passage  of  a  sound  wave. 
Expressions  for  these  perturbed  quantities  ore 
substituted  into  the  conservation  equations 
of  mass,  momentum,  energy,  and  the  equation  of 
State,  and  only  first  order  terms  arc  retained. 

This  results  in  a  set  of  four  equations  for  the 
volocity,  density,  pressure,  and  entropy  perturba¬ 
tions,  Those  are  the  principal  equations  of  the 
acoustics  of  an  inhomogeneous  and  moving  medium. 

Tlie  special  case  of  a  medium  who»o  entropy  in 
constant  in  then  considered. 


Hie  equation;;  of  geometrical  acoustics  arc  deduced 
from  the  four  principal  equations  by  assuming  tliat 
the  state  of  the  nediun  varies  little  along  a  wave¬ 
length  of  sound.  The  resulting  equations  show  the 
phase  velocity  of  a  sound  wave  to  be  given  by 

V  »  c  +  v 
f  n 

where  V£  ■  phase  velocity  . 

c  **  adiabatic  speed  of  sound  «  (dp/dp) s  ' 
vn  ■  projection  of  velocity  of  flow  on 
direction  of  normal  to  surface  of 
constant  phase 

p  “  pressure,  p»  density,  and  s  «  entropy. 

This  is  an  important  equation  in  describing  the 
geometry  of  the  sound  field.  It  is  essential, 
however,  not  merely  to  find  the  geometry  of  the 
sound  field,  but  to  compute  quantities  that 
describe  the  intensity  of  the  sound.  With  this 
purpose  in  nind,  an  invariant  quantity  character¬ 
izing  the  energy  donsity  in  a  ray  tube  is  derived. 

A  ray  tube  is  defined  os  'a  surface  formed  by  rays 
(i.e.,  by  lines  along  which  the  velocity  Vs  is 
directed  where  V0  «  C • n+v ,  where  n  is  the  normal 
to  the  wave-front  and  v  is  the  wind  velocity) , 

This  invariant  quantity  is  derived  from  the  prin¬ 
ciple  of  conservation  of  the  average  density  of 
sound  energy  and  is  given  by: 


- 5 - -  const 

P  qc 

where  f  -  cross-rectional  area  of  ray  tube 
P  «  density 

*  =  pressure  perturbation  «  P  -  p 
P  ■  ambient  pressure 
p  *  local  pressure 

T  -  cQ  -  v-yfl;  v  «  velocity  of  nediun; 
c0  *  sliced  of  sound  in  stationary 
nediun;  and  0  *  phase  constant. 

This  quantity  later  cane  to  be  known  as  the 
"Blokhintzev  invariant."  It  was  used  by  Hayes 
in  JIASA  CR-1299  (see  capsule  sirmaxy  P-90) . 

In  the  last  section  of  tho  paper  the  generalization 
of  the  principal  equations  for  sea  water  is  carried 
out. 

Tlii8  papor  differs  from  Milne's  (see  capsule  sum¬ 
mary  P-1)  in  that. Milne  deals  chiefly  with  the 
description  of  the  sound  ray  path3,  while  this 
paper  considers  both  the  sound  ray  path  and  the 
variation  of  physical  quantities  along  the  sound 
ray. 

This  paper  is  fundamental  to  tho  theory  of  sonic 
boom  propagation  in  a  no  mini  form  stratified  medium. 
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THE  PROPAGATION  OF  SOUND  IN  AH  INIIOMOGENTOOS  AND 
MOVING  MEDIUM  II 
D.  blokhintzev 

The  Journal  of  tho  Acoustical  Society  of  America, 

Vol.  10,  Ho.  2,  October,  1946,  pp.  329-334 

In  this  paper  two  applications  of  the  theory 
developed  by  Blokhintzev  in  Part  I  (see  capsule 
summary  P-3)  are  presented.  These  two  applications 
are  the  propagation  of  sound  in  a  turbulent  medium 
and  tho  propagation  of  sound  through  a  shock  wave. 


S3 


With  regard  to  the  first  application,  it  is  con¬ 
cluded  that  tl' a  influence  of  turbulent  flow  on 
a  sound  wave  should  consist  in  a  scattering  of 
the  sound.  An  expression  for  the  magnitude  of 
this  scattering  is  derived  using  the  theory  pre¬ 
viously  dovelopcd  by  Blokhintzov. 

Whan  the  general  equations  of  Part  I  are  applied 
to  the  passage  of  a  sound  wave  through  a  shock 
wave  it  is  found  that  there  is  no  reflected  wave; 
there  are,  however,  two  transmitted  waves.  The 
first,  an  acoustic  wave,  practically  coincide* 
with  the  incident  wave  for  stocks  having  small 
pressure  jumps  so  that  sound  passes  through  the 
front  of  the  shock  wave  with  very  little  pertur¬ 
bation.  In  the  case  of  large  pressure  jumps,  the 
pressure  in  the  transmitted  wave  nay  be  considerably 
greater  than  the  pressure  in  the  incident  wave. 

Under  all  conditions  the  second  transmitted  wave, 
which  is  an  entropy  wave,  is  accompanied  by  vari¬ 
ations  in  the  density  of  the  medium  (and  the  tem¬ 
perature)  .  The  pressure  perturbation  due  to  this 
wave  is  always  zero. 
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some  aspects  or  tioxsn  from  supersonic  aircraft 

C.  M.  Lilley,  R.  Wcstley,  A.  II.  Yates, 

and  J.  R.  Busing 

Journal  of  the  Royal  Aeronautical  Society, 

Vol.  57.  June  1953,  pp.  39G-414 

This  paper  was  written  at  the  tine  when  the 
exact  cause  of  the  sonic  boom  of  an  aircraft 
which  accelerated  through  the  speed  of  sound 
in  a  dive  was  still  being  debated.  It  is 
demonstrated  in  this  paper  that  the  explanation 
of  the  boom  lies  in  an  understanding  of  the 
stuck  wave  pattern  around  the  aircraft. 

The  Mach  wave  patterns  formed  by  an  accelerating 
source  are  considered  and  it  is  shown  tliat  in 
unsteady  supersonic  motion  the  envelopes  of  the 
"pulse  waves”  form  Mach  waves  of  concave  and 
convex  curvature  divided  by  cusps.  The  location 
of  the  wave  envelope  and  cusps  is  then  discussed. 

Previous  results  concerning  the  shock  wave 
formation  around  isolated  two  dimensional  and 
axisyranatric  bodies  of  revolution  are  discussed 
(see  capsule  suevtary  G-3,  for  example) ,  and  the 
changes  that  occur  in  the  system  of  shock  waves 
around  such  bodies  during  accelerated  flight  are 
investigated.  The  main  concern  is  with  acceler¬ 
ation  through  the  critical  Mach  niztber  to  a  just 
slightly  supersonic  Mach  number  and  then 
deceleration  back  through  the  critical  Mach 
number.  The  manner  in  which  the  stock  waves  form, 
coalesce,  and  dissipate  during  such  a  maneuver  is 
discussed  in  depth.  Brief  results  of  experiments 
in  a  hydraulic  analogy  channel  ere  presented  which 
qualitatively  substantiate  the  predicted  shock 
patterns.  Several  examples  of  the  application 
of  the  theory  to  sonic  boom  predictions  for 
specific  flight  conditions  are  then  presented. 

This  paper  was  one  of  the  first  to  predict  the 
formation  of  cusps  in  tha  shock  wave  due  to 
accelerated  flight.  It  also  was  one  of  tha 
first  to  correctly  explain  the  early  sonic 
boom*  resulting  from  aircraft  which  reached 
supersonic  speeds  during  dives. 
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CXI  THE  EHERGY  SCATTERED  FROM  THE  1IITERACTI0M  OF 
TURBULE1ICE  WITH  SOU! ID  OR  SHOCK  WAVES 
M.  J.  Lighthill 

Proceeding*  Cambridge  Phil.  Soc.,  49,  1953, 

PP.  531-551 

An  investigation  of  the  energy  scattered  when 
a  sound  wave  passes  through  turbulent  fluid 
flow  is  presented  in  this  paper.  The  energy 
scattered  per  unit  time  from  unit  volume  of 
turbulence  is  estimated  as 


whare  I  is  the  intensity  and  A  the  wave  length 
of  the  Incident  sound,  v'^2  is  the  mean  square 
velocity  and  L,  the  macro-scale  (size  of  largest 
turbulent  eddies)  of  the  turbulence  in  the 
direction  of  the  incident. sound,  and  a  is  the 
speed  of  sound.  This  formula  does  not  assume 
any  particular  kind  of  turbulence,  but  does 
assume  that  A/L^  is  less  than  about  1 .  For  tur¬ 
bulence  which  is  isotropic  and  homogeneous ,  the 
energy  scattered,  and  its  directional  distri¬ 
bution,  are  obtained  for  arbitrary  values  of 
It  is  predicted  that  components  of  the 
turbulence  with  wave-number  K  will  scatter 
sound  of  wave-number  K  at  an  angle  2  sin-1  (K/2K) . 
The  statistics  of  multiple  scatterings  is 
considered  and  it  is  predicted  that  sound  of 
wave-length  less  than  the  micro-scale  X  of  the 
turbulence  will  become  uniform  (random)  in  its 
diroctional  distribution  in  a  distance  of 
approximately  XaVv'i2. 

The  theory  is  then  extended  to  the  case  of  an 
incident  acoustic  pulse.  However,  this  extended 
theory  cannot  to  applied  directly  to  the  case 
of  a  shock  wave,  for  which  it  would  predict 
infinite  scattered  energy.  This  is  due  to  the 
perfect  resonance  between  successive  ray* 
snitted  forwards  which  would  occur  if  the 
shock  wavs  were  propagated  at  the  speed  of  sound. 
By  taking  into  account  the  true  speed  of  the 
shock  wave  (subsonic  relative  to  the  fluid  behind 
it)  the  theory  is  improved  to  give  a  finite 
value  for  the  total  energy  scattered.  However, 
the  greater  part  of  this  energy  catches  up  with 
the  shock  wave  end  is  mostly  reabsorbed  by  it, 
and  only  the  remainder  is  freely  scattered, 
behind  the  shock  wave,  at  sound. 

In  a  later  paper  (see  capsule  summary  P-15) 
Batchelor  treats  the  same  subject  but  uses  a 
different  approach. 
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METEOMObOGY  DIRECTS  H!ERE  BLAST  WILL  STRUT. 

Everett  r.  Cox,  H.  J.  Flaggs,  and  J.  W.  Reed  . 

tollstin  of  the  American  Meteorological  Society, 

-'Jo.  3.  March,  1954,  pp.  95-103 

An  app.'txiaet.  .on  to  the  theory  of  geometric 
acoustics  ;<  used  to  forecast  where  the  shock 
due  to  an  explosion  will  strike  the  earth.  In 
this  method  it  is  assisted  that  there  arc  no 
vertical  winds  and  that  the  wind  and  temperature 
structure  is  exactly  the  some  over  the  entiro 
region  of  interest  as  it  is  over  the  shot  site. 


Tlic  refraction  law  (i.e.,  Snoll'c  law)  for  an 
atmosphere  liaving  only  horizontal  winds  in 
assumed  to  bo: 

c  +  ui  cos  e  *  co s6 

In  this  ease  $  is  the  inclination  of  the  sound  ray 
fron  the  horizontal .  In  order  for  this  equation 
to  be  strictly  true,  0  would  be  the  inclination 
angle  of  the  wave  front  no  trial  from  the  horizontal 
(see  capsule  sumary  P-1) .  However,  the  present 
approximation  is  valid  for  the  horizontal  propa¬ 
gation  of  the  ground  level  disturbances  with 
winch  the  present  paper  is  concerned.  The  other 
variables  in  this  equation  represent  the  following: 

ui  is  the  component  of  wind  velocity  in  the 
direction  under  consideration;  and  A^,  invariant 
for  a  given  ray,  is  the  horizontal  component  of 
the  velocity  of  the  wave  front.  In  this  paper 
the  following  additional  approximation  to  the 
refraction  equation  is  used: 

A.  cos  0  •%  V  «  c  +  u. 
i  u  i  i 

It  is  important  to  note  that  this  approximation, 
which  sets  the  component  of  the  wind  velocity 
along  the  ray  equal  to  the  horizontal  component 
of  wind  velocity  in  the  given  direction,  is 
valid  only  for  ground  level  disturbances.  It 
would  not,  therefore,  be  valid  for  predicting 
the  propagation  of  sound  waves  or  sonic  boons 
from  an  airplane  at  high  altitude. 

In  conjunction  with  this  equation  a  table  is 
constructed  listing  c  and  U*  at  selected 
altitudes.  These  are  added  at  each  altitude  to 
give  V*.  When  the  value  of  VA  at  the  earth's 
surface  exceeds  its  values  at  all  higher  alti¬ 
tudes,  no  shock  will  strike  the  ground  in  that 
direction  from  a  surface  shot.  If  the  value  of 
at  any  altitude  exceeds  that  at  the  ground, 
the  shock  will  strike  the  ground  in  that 
direction. 

An  expression  for  the  distance  from  the 
explosion  at  which  the  shock  will  strike  the 
ground  in  a  given  direction  is  then  derived 
for  various  example  atmospheres.  This  expression 
is  used  to  investigate  the  focusing  of  sound. 

It  was  pointed  out  that  in  this  paper  the 
component  of  the  wind  velocity  along  the  ray 
is  sot  equal  to  the  horizontal  component  of 
wind  velocity  in  the  given  direction.  This  is 
a  valid  approximation  for  the  case  of  horizontal 
propagation  of  ground  level  disturbances.  But  in 
a.  later  paper  (see  capsule  sumary  P-26)  Heed  and 
Adams  use  the  same  approximation  to  calculate  the 
propagation  of  sonic  boon  shock  waves  from  a  body 
of  revolution  in  supersonic  flight  at  high 
altitudes.  As  a  result,  the  rosults  they  obtain 
ere  incorrect. 

This  paper,  although  not  directly  rclatod  to 
the  sonic  boom,  does  provide  an  interesting 
example  of  the  application  of  geometric 
acoustics  to  shock  wavs  propagation. 
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GEOMETRICAL  ACOUSTICS.  I.  THE  THEORY  OF  WEAK 
SHOCK  OAVES 
Joseph  B,  Keller 

Journal  of  Applied  Physics,  Vol.  25,  Ho.  f), 

August,  1954,  pp.  930-947 

A  complete  derivation  of  geometrical 
acoustics  is  given  in  this  paper.  The 
derivation  begins  with  the  fundamental 
aquations  of  continuum  mechanics:  the  con¬ 
servation  equations  of  mass,  energy,  linear 
momentum,  and  angular  momentum,  plus  the 
first  and  second  lows  of  thermodynamics . 

From  these  equations  the  discontinuity 
conditions  for  curved  discontinuities  in 
any  continuous  medium  arc  derived.  It  is 
then  sliovn  that  only  three  types  of 
discontinuities  arc  possible  -  shocks, 
contact  surfaces,  and  phase-change  fronts. 

The  acoustic  equations  arc  found  by  differ¬ 
entiating  the  discontinuity  conditions  with 
respect  to  a  parameter  n,  upon  which  the  set 
of  solutions  of  the  equations  of  continuum 
mechanics  are  assumed  to  dci>end.  This 
results  in  seven  variational  equations  for 
the  acoustic  density,  entropy,  velocity,  etc., 
which  are  defined  as  the  variations  of  the 
corresponding  undifferentiated  quantities. 

The  acoustic  discontinuity  conditions  arc 
obtained  by  differentiating  the  discontinuity 
conditions  of  continuun  mechanics  with  respect 
to  n. 

The  acoustic  shock  surfaces  or  wave  fronts  are 
defined  by  II  *  constant.  A  first  order  partial 
differential  equation  is  derived  for  W  from  the 
acoustic  discontinuity  conditions.  This  equation 
is: 


(u  U  -l)2  -  c2  I!  2 

3  x. 

where  u^  •  j^1  component  of  particle  velocity, 
the  x  subscript  denotes  partial  differentiation, 
j  takes  on  the  values  1,  2,  3,  and  the  sumation 
convention  is  understood,  nave  normals  are  then 
defined  by  »  H* . . 


The  Hamiltonian  function,  which  is  defined  by 

ll(xjL,  Pi)  -  c2  P..2  -  (1  -  UjPj)2, 

is  used  to  introduce  certain  curves  xp  ( o )  called 
rays.  These  rays  are  given  by: 


V 


lpi2) 


where  >,  is  an  arbitrary  nonzero  factor, 

c  *  speed  of  sound  and  i  ■  1,  2,  3 


By  means  of  the  rays,  solutions  can  be  constructed 
for  the  wave-front  equation  correpsonding  to  any 
given  initial  data. 

The  variation  in  shock  strength  along  a  ray  is 
derived  by  considering  the  acoustic  equations 


fi6 


for  a  jierfcct,  nonconducting  fluid.  The 
resulting  equation  is: 


1 

K 


where  P  «  density 

P  •  3P/dn  and  P  ■  pressure 
and  k  is  tlie  expansion  ratio  along  the  ray.  which 
is  defined  as  the  linit  of  the  ratio  of  the  normal 
cross-sectional  area  of  a  tube  of  rays  at  o  divided 
by  the  corresponding  area  at  0o,  as  the  area  tends 
to  zero.  Tim  tube  of  rays  contains  the  ray  in 
question  and  converges  to  it. 

Once  Ap  is  known,  Afi  and  Auj.  can  be  computed  from 
the  acoustic  discontinuity  conditions.  Here  P  is 
thu  acoustic  density,  and  is  the  acoustic 
velocity. 


weight  by  a  factor  of  ten  increasing  the  pressure 
intensity  of  the  boom  by  a  factor  of  only  about 
two.  The  affected  area  is  shown  to  have  appreci¬ 
able  width,  although  for  flight  at  low  altitudes 
the  width  will  depend  very  much  upon  the  effects 
of  refraction  and  scattering  of  the  stock  waves 
by  ground  obstacles,  etc.  ft  is  shown  that  sonic 
booms  of  a  very  increaseu  intensity  are  quite 
possible,  but  will  be  experienced  over  .a  rela¬ 
tively  snail  area. 

Finally,  refraction  is  shown  to  have  an  important 
bearing  on  the  occurrence  of  boons.  The  subject 
of  complete  cut-off  is  touched  gen.  It  is  con¬ 
cluded  that  the  importance  of  refraction,  implying 
a  close  dependence  of  sonic  boom  phenomena  on  the 
atmospheric  conditions  prevailing,  and  the  impor¬ 
tance  of  precise  fluht  {>ath  of  the  aircraft  and 
the  location  of  the  observer,  all  tend  to  make 
sonic  booms  quantitatively  unpredictable  in 
practice. 


The  reflection  and  transmission  coefficients  for 
an  acoustic  shock  at  a  contact  surface  are  then 
obtained,  and  the  expansion  ratio  for  the  case  of 
straight  rays  is  computed.  This  ratio  is  given  by: 


(R^+z)  (R^+z) 

where  R^,  Rj  are  the  principal  radii  of  curva¬ 
ture  of  a  surface  at  a  point,  and  R^+z  and 
Rj+z  arc  the  corresponding  radii  of  a  parallel 
surface  at  a  point  a  distance  z  away  on  the 
same  ray.  From  this  equation  it  can  be  seen  that 
k"^  becomes  infinite  at  two  points  z  -  -R1#  -R2 
called  conjugate  points,  on  each  ray.  The  locus 
of  these  points  for  a  given  family  of  wave  fronts 
Is  called  a  caustic  surface  and  usually  has  two 
branches.  A  joint  at  which  the  two  branches  of 
the  caustic  surface  touch  is  called  a  focus.  The 
acoustic  shock  strength  becomes  infinite  on  a 
caustic,  since  k'l  becomes  infinite  there. 

An  example  is  then  given  of  the  application  of 
geometric  acoustics  to  a  shock  tube. 

Although  this  paper  deals  essentially  with  the 
same  subject  treated  by  Blokhintzev  (see  cap¬ 
sule  summary  P-2),  that  of  geometric  acoustics, 
the  approach  used  in  deriving  the  various  equa¬ 
tions  and  also  the  specific  equations  that  are 
derived  by  Keller  differ  significantly  from  those 
of  blokhintzev.  This  j»j»er  i3  more  socialized 
than  that  of  Blokhintzev  because  it  deals  primarily 
with  propagation  of  stock  discontinuities. 
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AN  ESTIMATION  OF  THE  OCCURRENCE  AliD  INTENSITY  OF 
SONIC  BANGS 
C.K.E.  Warren 

Royal  Aircraft  Establishment,  Technical  tote  No. > 

Aero,  2314,  September  1954. 

This  paper  is  an  early  investigation  into  the 
occurrence  and  intensity  of  sonic  boons.  It  is 
shown  that  an  observer  will  experience  a  sonic 
boom  if  an  aircraft  has  flown  so  that  the  compon¬ 
ent  of  its  velocity  in  his  direction  is  sonic.  The 
intensity  of  a  boom  depends  primarily  upon  the 
altitude  of  the  aircraft  et  the  tine  that  its 
velocity  toward  an  observer  is  sonic.  Mach  number 
has  a  relatively  small  effect,  as  also  has  the 
size  of  the  aircraft,  an  increase  m  aircraft 


This  is  one  of  the  earliest  papers  dealing  with 
the  sonic  booms  caused  by  aircraft  in  ateady, 
level  flight,  Several  of  the  conclusions,  such 
as  the  one  concerning  the  effect  of  aircraft 
weight,  were  later  shown  to  to  somewhat  in  error. 
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GEOMETRIC  THEORY  OF  SOU!®  PROPAGATION  II!  THE 

ATMOSPHERE 

G.V.  Groves 

Journal  of  Atmospheric  and  Terrestrial  Physics, 

Vol.  7,  1955,  pp.  113-127. 

The  object  of  tills  pajier  is  to  obtain  a  general 
solution  for  the  propagation  of  sound  rays  and 
wave  fronts  in  a  moving  inhomegeneous  atmosphere 
in  terms  of  the  velocity  of  sound  and  wind  fields. 

The  equation  of  the  wave  front  at  time  t  is  given 
by  r  ■  r  (<*,  0,  t)  with  reference  to  a  fixed 
origin,  0.  The  values  {a, p's  are  taken  as  para¬ 
metric  coordinates  of  the  points  of  the  surface. 
The  unit  normal  at  the  point  (0,0)  Is  given  by 
ii  »  n  (a,  ',  t).  Two  first  order  differential 
equations  are  tiien  derived  for  Ti  and  f  begin¬ 
ning  with  the  condition  defining  the  propagation 
of  a  wave  front  in  geometrical  acoustics,  which 
was  derived  oy  Blokhintzev  and  is  given  by 

IV0I  "  c  /  (c*R*n) 
o 

where  c  is  a  reference  velocity 
(^■velocity  of  medium 
c  ■  speed  of  sound 
91?)  -  c0  (t-^0/w) 

'll, a  •  phase  of  given  wave  front 
u>  ■  frequency 

The  two  differential  equations,  which  could  be 
solved  simultaneously  for  r  (A,  0,  t)  and- n 
(a,  0,  t)  in  terms  of  the  initial  form  of  the 
wave  front,  ere : 

?t  *  R  (r,  t)  ♦  c  (I,  t)  Si 

»  (!i*7q)  K  -  Vq 

where  q!i  is  the  velocity  of  propagation  of  the 
wave  front  in  space,  ilewever,  instead  of  solving 
thus#  equations,  a  transformation  is  made  by 
expressing  n  in  terms  of  the  trace  velocities  of 


M 


the  wave  front.  The  trace  velocities  vx,  Vy,  and 
Vj,  are  defined  as  follows  t  xt  the  tanqcnt  plane 
at  the  joint  (a,  0)  of  the  wave  front  at  tine  t 
moves  instantaneously  in  the  direction  of  the 
normal,  the  points  x,  y,  x  where  this  plane  cuts 
CA,  Oy,  and  Uz  have  velocities  vx,  vy ,  vt,  along 
0X.  Oy,  Oj,  respectively.  The  transformation 
results  in  the  following  equation,  which  replaces 
the  second  one  given  above! 

♦  ( |  h | c'  +  h  •  R* )  h  ♦  V  ( I h  |e  ♦  fi  ■  W)  •  0 

there  the  prime  denotes  differentiation  with 
resject  to  t  and 

h  <a,0,  t)  -  (1/v  (a,0, t),  1/v  (a,0,t),  1/v  ( a,0,t )) 

*  I  2 

This  equation  is  tlien  solved  for  the  case  where 
the  sound  speed  and  wind  velocity  arc  functions 
of  altitude  only  to  get  vx,  Vy,  and  vx  as  functions 
of  the  sound  speed,  wind  velocity,  and  a,  0,  it  is 
found  that  vx  and  vy  are  independent  of  t  and  can 
be  written  as 

v  *  a  (a,0),  v  *  b  (a,0). 

*  y 

This  mans  that  along  any  ray  (.0,0) ,  vx  and  Vy 
remain  constant,  A  new  parametric  system  of 
coordinates  (a,  b)  defined  by  the  transformation 
a  »  »<a,0),  b  ■  h (o,0).  Using  this  solution  and 
these  new  coordinates,  the  law  of  refraction  is 
found  to  bet 

led)  +  kud)  +  (i”'s)  ♦  vw(2)J/X  «  a 

!c(s)  ♦  kud!  +  pvd)  *  t.-wd)]/»i  «  b 

wiiere  u,  v,  w  are  tlie  components  of  the  wind 
velocity  vector  and  k,  a,  v  are  the  direction 
cosines  of  the  wave  front  normal.  For  fixed 
values  of  a  and  b,  these  relations  give  the 
direction  cosines  of  the  wave  front  normal  along 
the  ray  (a,  b) .  These  equations  are  the  general¬ 
ised  form  of  Snell’s  law. 

The  conditions  for  total  reflection  of  a  sound 
ray,  and  the  equations  for  the  wave  front  at  any 
tine  are  then  found,  and,  as  an  exanple,  the 
theory  is  applied  to  a  Simple  velocity  of  sound 
vs.  height  relation. 

Assumptions  that  had  been  made  in  previous 
treatments  of  this  subject  such  as  the  vertical 
component  of  the  wind  being  aero,  the  ray  paths 
lying  in  vertical  planes,  ant!  the  wave  front  being 
planar  were  found  to  be  unnecessary  in  this  inves¬ 
tigation.  As  a  result  the  refraction  equations  are 
more  general  than  any  derived  previously. 

P-11  • 

SUPERSONIC  BANGS— PART  I 

P.  Samhasiva  P-ao 

Aeronautical  puarterly,  vol.  7,  Feb.,  1956,  pp.  21-44 

Tho  purpose  of  this  paper  is  to  extend  !/hithan’s 
theory  to  the  case  of  accelerated  notion.  The  thoorv 
is  limited  to  the  bow  shock  of  a  slender  axj sym¬ 
metric  body  in  a  uniform  atmosphere. 

The  theory  is  obtained  by  a  suitable  modification 
of  tho  linear  solution  to  tho  problem.  Rather 
than  dealing  smodiately  with  the  full  linear 
solution,  which  is  too  complicated  for  the  mod¬ 
ification  to  be  applied  as  it  stands,,  the 


approximate  form  which  it  tabes  near  the  wave 
fronts  {which  are  ultimately  replaced  by  shocks) 
is  considered  in  detail  first.  Since  the  be¬ 
havior  near  tho  wave  front  is  precisely  tho 
subject  of  geometrical  acoustics  (see  capsule 
suwaaries  P-3,  P  0,  P-10),  this  theory  is  used 
to  determine  the  geometry  of  the  wave  fronts 
and  the  approximate  variation  of  flow  quantities 
immediately  behind  the  wave  front.  However,  the 
solution  given  by  geometric  acoustics  is  not  a 
valid  linear  solution  as  the  distance  from  the 
body  becomes  large.  This  is  because,  as  the 
shock  propagates  out,  the  wavelets  behind  the 
shock  arc  continually  being  fed  into  the  shock. 
Thus  at  large  distances  from  the  body  it  is 
necessary  to  use  the  full  linear  solution. 

This  results  in  a  relation  between  the  velocity 
potential  cf  the  flow,  the  body  geometry,  and 
the  acceleration  of  the  body. 

The  linear  theory  solution  is  then  improved, 
using  Whith«a*s  technique  (see  capsule  sum¬ 
mary  G-3)  .  This  „r,volvcs  correcting  the  linear 
theory  characteristics  to  account  for  cumula¬ 
tive  nonlinear  effects,  but  retaining  the  value 
given  ay  linear  theory  for  the  physical  ouantities 
along  each  characteristic.  The  "angle  property" 
(sec  capsule  sismary  G-3)  is  used  to  determine 
the  stock  location. 

The  main  rosult  is  tho  expression  for  the  bow 
shoe*  overpressure  of  an  accelerating  Blonder 
axisvrmetric  )x>dy; 

P-P  ,1/2  ,  ,  2,  “1/2 

•p—  "  (j-a,)  ’(H  flii)  |»0>yS  #— f1's*| 


where  P 


P  **  local  pressure 
P0  «  undisturbed  pressure 
a0  “  ambient  speed  of  sound 
H  “  !tach  msnher 

"  °'<V/ao 

U  «  speed  of  the  body 

to  "  time  when  nose  of  body  crosses  the  ray 
through  tho  point  (x,r> 
x,r  are  distances  of  a  point  along  and 
perpendicular  to  the  flight  path. 

0  - 

s  -  distance  of  any  point  along  the  ray 
r(n)  ■  Whithao  F-function  (see  capsule 
sin-. ary  g-3) 


This  equation  reduces  to  the  result  for  the 
steady  problem  (Whitham)  when  the  acceleration 
is  set  equal  to  zero. 

llimerical  computations  based  on  the  overpressure 
equation  given  above  are  then  given  to  show  how 
the  shock  strength  varies  with  distance  and 
acceleration.  Finally,  a  formula  is  derived  for 
the  decay  at  large  distances  of  a  shock  detached 
from  a  decelerating  body. 

It  is  shown  that  the  effect  of  acceleration  is 
to  increase  the  shock  strength  idjilc  that  of 
deceleration  is  to  decrease  it.  The  modification 
of  the  shock  strength  duo  to  acceleration  is 
appreciable  at  large  distances  from  the  nose  am! 
at  Hach  methers  near  unity.  The  theory  is  not 
valid  near  the  cusp  of  tho  wave  front,  which 
results  from  accelerated  notion. 


In  mirt  tl  of  this  paper  (nee  capsule  surnary 
1-12)  tlie  theory  is  extended  to  include  curved 
flight  paths . 

■'hi:;  paper,  duo  to  its  restrictive  assuiptions, 
(i.e.,  homogeneous  atmosphere ,  front  shock, 
simple  bodies,  etc.)  can  be  used  for  qualitative 
results  only.  These  are  onlv  valid  far  away  fron 
t!u*  caustics.  The  paper  was  significant,  isowe  "or, 
in  isolating  .and  defininq  the  caustic  nochanisn 
due  to  accelerated  fliqht. 


of  neiqliliorinq  ravs .  It  is  inport  ant  to  nc.tic' 
that  the  function  F(n)  is  exactly  that  used  to 
describe  the  flow  pattern  for  the  sane  body 
moving  uniformly. 

Tlie  important  parnneter  in  tiiis  equation  is  the 
acceleration  component  alonq  the  ray.  The  only 
essential  effect  of  tlie  curvature  of  the  path  is 
the  inclusion  in  thin  .acceleration  component  of 
a  tern  due  to  the  transverse  .acceleration. 


1-12 

6LTriS‘>::ir'  bajigr— paft  n 

P.  Sanbasiva  Uno 

Aeronautical  quarterly,  Vol,  7,  Hay  1950,  pp.  135-155 

VIic  theory  developed  in  Part  X  (see  capsule 
summary  P-11)  is  extended  to  include  curved  flight 
patiis.  The  basic  method  is  unchanqed  fron  that 
used  m  Part  X.  Acoustic  theory  provides  a  first 
rough  approximation  of  the  qeonetry  of  the  shocks; 
tlie  wave  fronts  are  the  linear  approximations  to 
the  shocks.  However,  the  linear  theory  does  not 
give  an  accurate  estimate  of  the  shock  strengths. 
To  obtam  an  accurate  evaluation  of  the  shock 
strengths,  certain  nonlmoaritics  must  be  incor¬ 
porated.  This  involves  the  use  of  the  correct 
propagation  speed  (equal  to  the  local  speed  of 
sound  relative  to  the  fluid)  for  the  individual 
sound  waves.  Then,  since  the  waves  move  with 
different  speeds,  thev  pile  up  in  compression 
regions  to  form  shocks.  Thus  shocks  are  introduced 
as  an  essential  part  of  the  theory. 

In  applying  these  ideas,  the  geometrical  acoustic 
approximation  to  the  full  linear  theory  is  mainly 
used.  In  the  theory  of  geometrical  acoustics  (see 
capsule  summaries  P-3,  P-U,  and  r-10)  the  rays 
are  defined  as  the  orthogonal  trajectories  of 
the  wave  fronts.  This  theory  provides  an  approxi¬ 
mate  determination  of  the  amplitude  of  the  dis¬ 
turbance  as  it  moves  along  a  narrow  tube  formed 
by  neighboring  rays  (ray  tube).  As  e-pl • ined  in 
capsule  summary  P-11,  it  is  necessary  to  use  the 
full  linear  theory  at  large  distances  fron  the 
body. 

After  modifying  the  results  of  linear  theory, 
the  resulting  expression  for  the  overpressure  is: 

P  "Jo _ HS/2  7F(n) _ 

'p  *  "  '  “  1/2 

■2  (!i‘  -  1)  5  (1  -  S/Ml 

where  P  *  local  pressure;  Pn  »  ambient  pressure; 

M  ®  .Mach  number;  F(n)  «  Wiithan  F-functior.  (sec 
capsule  simary  G-3) ;  5  «  distance  alonq  a  ray 
from  body:  7  •  ratio  of  specific  heats  in  air; 


2i  ' 

a  (M  -  1)  MK  cos 9  ♦  (a  /!))  (UM/dr),  „ 

O  O  T“  T 

O 

aQ  “  ambient  speed  of  sound;  K  is  tile  curvature 
of  the  fliqht  path;  Q  is  the  polar  ar.qlo  in  a 
plane  perpendicular  to  the  flight  path;  aQ  d.’t/dr 
is  the  acceleration  along  the  flight  path;  and 
t  is  the  time  when  a  disturbance  leaves  the  body; 

K  is  the  component  of  acceleration  perpendic¬ 
ular  to  the  (light  path;  and  5(1  -  5/A)  in  pro¬ 
portional  to  the  cross-sectional  area  of  a  bundle 


Tlie  strength  of  the  bow  shoe!,  is  obtained  and 
it  is  found  that  the  effect  of  the  curvature  of 
tlie  path  is  more  pronounced  .at  points  or.  the 
inside  of  the  curve,  and  in  general  it  becomes 
greater  as  the  distance  from  the  Ixxly  increases, 

A  sinplo  asymptotic  formula  is  obtained  which 
predicts  the  strength  of  the  shock  with  an  error 
of  loss  than  five  percent  at  distances  of  the 
order  of  a  hundred  lxxly  lengths.  Also,  an  esti¬ 
mate  is  obtained  of  the  shock  strength  near  a 
cusp  by  modifying  the  full  linear  theory. 

T!>e  significance  of  this  paper,  along  with  Part  I, 
is  that  it  enables  the  sonic  lioon  mtnnsif'  to  le 
calculated  for  any  type  of  airplane  notion,  where¬ 
as  i.I.i thorn's  theory  is  valid  only  for  steady  level 
flight.  However,  as  was  (minted  out  in  capsule 
sisim^.y  P-11  the  results  are  valid  only  for  a 
restricted  class  of  problems  (i.e.  lmnogencous 
atmosphere,  front  shock,  single  bodies,  etc.) 

P-13 

SOU!!!)  PHOPAGATIOU  I!!  Tlir.  1/3MKH  ATMOSPliHRr. 

P.  RothWell 

The  Journal  of  tlie  Acoustical  Society  of  America, 

Vol.  20,  ;:o.  4,  July  1956,  pp.  G56-GG5 

This  paper  describes  experiments  conducted  to 
compare  observations  of  the  range  of  audibility 
and  descent  angle  iron  shell  bursts  at  various 
heigiits  up  to  10,000  foot  with  calculations 
made  from  extensively  measured  temperatures  and 
winds.  It  is  stated  that  range  of  audibilitv 
docs  not  provide  a  conclusive  test  of  the  validity 
of  the  assumptions  made  in  calculating  sound 
rays  in  the  atnosphere,  although  tlie  effects  of 
refraction  on  the  ranqe  of  audibility  may  be 
significant.  This  is  because  the  boundary  ray 
which  determines  the  range  becomes  horizontal 
at  some  point  in  its  path.  :Toall  variations  in 
sound  speed  at  the  height  of  this  point  produce 
large  changes  in  range.  Tlie  observed  range  of 
audibility  also  depends  on  a  mnber  of  factors 
other  than  refraction,  such  as  the  sensitivity 
of  the  receiver  and  the  background  noise. 

However,  the  descent  angle  can  be  measured  any¬ 
where  within  the  range  of  audibility  and  is 
not  unstable,  except  when  approaching  zero. 

The  fu..,ianontal  equation  used  in  the  calculations  is_ 

c  sec  8  *  u  »  A 

where  c  »  speed  of  sound 

u  »  component  of  wind  velocity  in  direction 
of  given  sound  ray 

0  *  inclf nation  angle  of  sound  ray  below 
horizontal 

A  *  constant  for  a  given  sound  ray 
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Tins  is  tiie  law  of  refraction  derived  l>y  Payleiqh 
for  an  atmosphere  in  wiiich  both  tlie  sj>cod  of  sound 
and  the  wind  velocity  are  functions  of  iieiqht. 

Vlis  results  show  that  for  3tal)le  atnosplieric 
conditions  there  is  satisfactory  agreement  between 
the  calculated  and  neasured  results.  Thus  the 
significance  of  this  paper  is  that  it  verified 
the  tiieory  of  sound  propagation  in  use  at  that 
tine. 
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Off  THE  PraPAGATIO::  Or  WEAK  SHOCK  WAVES 

G.  D.  Whitburn, 

Journal  of  fluid  Mechanics.  Vol.  t.  Sept.  1956, 

rp.  290-313 

In  whither’ s  nost  well-known  paper  (see  capsule 
saanary  G-31  a  nethod  was  derived  for  predicting 
the  strength  of  the  shocks  in  the  steady  super¬ 
sonic  flow  past  an  axisynmetrical  body.  In  the 
present  paper  the  nethod  developed  for  predicting 
the  pro[>agation  of  weak  -hock  waves  is  extended 
to  problems  lacking  such  symetry.  The  treatment 
is  United  to  a  unifom  atmosphere. 

In  formulating  the  basic  ideas  of  the  theory, 
the  puttier,  of  a  weak  explosion  is  considered 
first.  The  following  simplified  model  Is  used: 

A  region  of  arbitrary  shape,  bounded  liy  a  surface 
S,  contains  gas,  which  is  initially  at  rest, 
having  a  higher  pressure  than  that  of  its  sur¬ 
roundings.  This  gas  is  released  suddenly  at 
tine  t  ■  0.  According  to  the  theory  of  sound, 
the  wavefront  carrying  the  first  disturbance 
outward  free  the  explosion  moves  with  the  con¬ 
stant  speed  of  sound  in  the  undisturbed  gas 
surrounding  the  explosion  along  the  normals  to 
the  surface  S.  These  normals,  known  as  rays, 
are  the  orthogonal  trajectories  of  the  suc¬ 
cessive  positions  of  the  wavefront.  The  magni¬ 
tude  of  the  disturbance  and  the  variation  in 
the  magnitude  of  the  pressure  jump  at  the  wave- 
front  as  it  moves  out  along  a  ray  is  correctly 
predicted  by  the  theory  of  sound.  However,  the 
approximation  of  geometrical  acoustics  can  be 
used  near  the  heed  of  the  wave.  The  reason 
for  this  if  tnat,  in  certain  circumstances,  the 
energy  propagated  >iown  a  ray  tube  is  conserved: 
that  is,  reflection  and  diffraction  of  energy 
say  be  neglected.  Therefore,  letting  A(S)  be 
proportional  to  the  cross  sectional  area  of  the 
ray  tube  at  the  distance  S  along  the  ray,  the 
amplitude  of  the  pressure  disturbance  varies  like 
A'1/2(s)  with  distance  .9  along  the  tube,  since 
the  flux  of  energy  across  any  section  of  the 
ray  tube  is  proportional  to  the  square  of  the 
amplitude  tines  the  area.  However,  in  reality, 
the  wavefront  is  replaced  by  a  shock  wave,  and 
the  dissipation  of  energy  by  the  shock  cannot 
be  neglected  and  neither  can  the  related  dis¬ 
tortion  of  the  wave  profile  behind  the  shock. 

Thus,  even  for  weak  shocks,  the  result  that  the 
shock  strength  varies  with  S  like  A'^^tS) 
requires  modification.  This  inaccuracy  is  not 
introduced  by  the  approximations  of  geometrical 
acoustics,  it  is  a  failure  of  the  linear  theory 
of  sound. 

Even  though  its  prediction  of  the  shock  strength 
is  incorrect,  geometrical  acoustics  still  provides 
the  key  to  the  solution  of  these  unsymmetrical 
shock  problems.  It  is  assisted  that  the  propagation 


of  the  disturbances  may  be  treated  separately  in 
each  ray  tube.  This  results  in  a  two  variable 
problem  depending  on  time  t  and  distance  S.  This 
problem  can  then  be  solved  using  the  same  methods 
used  in  developing  the  original  theory  for  sym¬ 
metric  shocks.  The  other  variables  in  the  problem 
appear  only  in  the  function  which  specifies  the 
initial  wave  profile  for  each  tube  and  as  para¬ 
meters  in  the  function  A(S). 

The  improved  theory  treats  any  point  of  a  .shock 
as  moving  with  the  speed  of  sound  appropriate  to 
the  shock  at  that  point.  Thus  if  the  shock 
strength  varies  there  will  be  a  tendency  for  the 
true  rays  to  curve  away  from  the  rays  of  linear 
theory.  However,  unless  the  shock  strength  varies 
rapidly,  the  effect  of  this  curvature  will  be 
small.  Thus  the  theory  developed  here  neglects 
the  deviation  of  the  rays  from  their  linear 
positions. 

A  general  account  is  then  given  of  the  nethod 
for  improving  the  linear  theory  of  the  propaga¬ 
tion  in  the  individual  ray  tubes.  The  renuired 
non-linear  features  are  introduced  by  taking 
account  of  the  progressive  distortion  of  the 
wave  profile  due  to  the  snail  variations  in  the 
propagation  speeds  of  the  individual  wavelets  of 
each  wavefront.  The  dissipation  of  energy  is 
incorporated  by  applying  the  Rankine-Hugoniot 
shock  conditions. 


The  resulting  expression  for  the  pressure  behind 
the  shcck  for  large  55  is  given  by: 


where 


o 

T(3) 


pressure  behind  shock 
undisturbed  pressure 
ambient  sound  speed 

time  at  which  the  shock  reaches  the 
position  S 


FIT)  determines  detailed  wave  profile  and 
depends  on  initial  conditions  in  particular 
problem  considered  (see  capsule  stseaary  G-3 
for  an  example) . 


The  remainder  of  the  paper  is  devoted  to  applications 
of  the  theory  in  specific  cases.  These  include  the 
outward  propagation  of  spherical  shocks,  an  insym- 
nctrical  explosion,  a  review  of  Kao’s  theory  (see 
capsule  sirmaries  P-11  and  P-12),  the  flow  past  a 
flat  plate  delta  wing  at  wwall  incidence  to  the 
stream  with  subsonic  leading  edges,  and  the  prob¬ 
lem  of  a  thin  wing  having  a  finite  curved  leading 
edge.  The  last  two  examples  are  of  the  greatest 
interest,  as  far  as  sonic  boom  theory  is  concerned. 


The  treatment  of  the  flow  past  a  flat  plate  delta 
wing  at  incidence  is  of  special  significance  in 
sonic  boom  theorv  because  this  was  the  first  treat¬ 
ment  of  lift  effects  on  the  shock  strength  of  a 
lifting  body.  The  equation  derived  for  the  over¬ 
pressure  is 


7H2  Tit) 
(2Dr) 1/2 


HI 


where  5  *  )/(!“  -  1 

r  *»  radial  distance  fron  flight  path 
r  «  const,  defines  corrected  characteristics 
Ftr)  -  g (0)  2-1/5  r  1/2 

q(0)  depends  upon  the  shape  of  the  wing  and 
the  magnitude  of  the  lift  and  0  is  measured 
fron  the  plane  of  the  wing. 

To  a  first  approx inat ion,  the  flow  is  in  meridian 
planes  and  8  plays  the  role  of  a  parameter.  This 
eouation  is  the  sane  as  Whitham's  general  formula 
(sec  capsule  s tanary  G-3) ,  the  only  difference 
being  t!iat  the  form  of  the  F-function  differs  frost 
that  for  a  body  of  revolution. 

In  tha  application  of  the  theory  to  the  problem 
of  a  thin  wing  having  a  finite  curved  leading 
edge,  it  is  found  that  in  any  given  direction 
the  shock  fron  the  leading  edge  ultimately  decays 
exactly  as  for  the  bow  shock  on  a  body  of  revolu¬ 
tion.  The  equivalent  body  of  revolutior  for  any 
direction  is  determined  in  terns  of  tne  thickness 
distribution  of  the  wing  and  varies  with  tne 
direction  chosen.  The  wave  drag  on  the  wing  is 
calculated  fron  the  rate  of  dissipation  of  energy 
hv  the  shocks.  The  drag  is  found  to  be  the  swan 
of  the  drag  on  the  equivalent  bodies  of  revolution 
for  the  different  directions. 

This  is  a  very  significant  paper  in  the  develop¬ 
ment  of  sonic  boon  propagation  theory  because  it 
gives  the  first  treatment  of  shock  waves  fron 
non-ax isymetrical  configurations.  Also,  it  gives 
the  first  treatment  of  shock  wave  propagation 
using  the  first  modification  to  linear  theory. 

P-15 

WAVE  SCATTERING  DUE  TO  TURBULENCE 

G.  K.  Batchelor 

Synposiua  on  Naval  Hydrodynamics,  Sept.  24-20,  1950, 

Washington  b.C. 

Publication  51S  National  Academy  of  Sciences*- 

National  Research  Council,  1957,  pp.  409-430 

The  scattering  of  sound  waves  due  to  turbulence  in 
a  non-uni  fore  nediun  is  discussed  in  this-  paper.  The 
starting  point  of  the  calculations  is  a  linear  mod¬ 
ified  wave  equation.  A  solution  is  found  for  this 
equation  which  represents  the  passaqe  of  a  sound 
wave  through  a  region  in  which  the  random  physical 
properties  of  the  medium  are  known  in  a  statistical 
sense.  A  perturbation  procedure  is  used  to  obtain 
this  solution.  In  obtaining  this  solution,  it  is 
assisted  that  the  frequency  of  the  incident  sound 
wave  is  much  higher  than  the  fractional  rates  of 
change  of  the  physical  variables.  This  means 
that  the  dependence  upon  time  plays  only  a  minor 
role  in  the  problem. 

The  scattering  of  the  sound  wave  by  turbulence  is 
investigated  first.  An  expression  is  derived  for 
the  mean  intensity  of  the  scattered  wave,  expressed 
as  a  fraction  of  the  intensity  of  the  incident 
wave,  for  points  whose  distance  from  the  scattering 
volume  V  is  large  eompared'with  the  linear  dimen¬ 
sions  of  V.  Tha  flux  of  onergy  in  the  scattered 
wave  direction  is  also  derived  and  is  expressed 
in  terms  of  a  quantity  called  the  'scattering  cross- 
section,”  The  fraction  of  the  energy  of  the  incident 
wave  that  is  lost  by  scattering,  per  unit  lennth 
travelled  by  the  incident  wave  front,  is  also 


expressed  in  terms  of  the  scattering  cross-section. 
The  discussion  then  turns  to  a  consideration  of 
the  equations  that  describe  the  propagation  of 
sound  waves.  Two  cases  are  treated!  first  a  mednn 
of  variable  physical  properties  which  is  stationary 
except  for  the  disturbance  caused  by  the  incident 
wave,  and  second  a  medium  of  uniform  physical 
proi<erties  in  turbulent  motion. 

For  the  case  of  a  stationary  non-unifom  atmosphere, 
an  expression  is  derived  for  the  directional 
distribution  of  intensity  of  the  scattered  wave 
in  terms  of  the  distribution  of  density  fluctua¬ 
tions  of  the  nc-diur,.  For  the  case  of  a  uniform 
medium  in  turbulent  motion,  in  which  the  only 
effect  is  that  of  turbulent  fluctuations  of  velocitv 
on  the  propagation  of  sound  waves,  an  expression 
for  the  scattering  cross-section  is  derived  in 
terms  of  the  distribution  of  turbulent  velocitv. 

In  connection  with  this  case  it  is  found  that  the 
interaction  between  the  sound  and  turbulence  fields 
is  weak,  and  that  they  perturb  each  other.  This 
lack  of  coupling  is  basically  a  consequence  of  the 
big  difference  in  the  time  scales  on  which  changes 
take  place  in  the  two  fields.  Thus  the  perturbations 
in  density,  pressure,  and  velocity  due  to  the 
incident  sound  wave  are  the  sane  as  in  a  stationary 
Medina. 

In  an  earlier  paper  (see  capsule  staoary  P-6) 
Lighthili  treats  basically  the  sane  subject  using 
his  theory  of  the  generation  of  aerodynamic  noise. 
However,  Lighthili  extends  his  theory  to  include 
the  interaction  of  shock  waves  with  turbulence, 
while  Batchelor  treats  only  the  interaction  of 
sound  waves  and  turbulence.  Doth  of  these  papers 
were  valuable  in  forming  a  basis  for  the  description 
of  shockwave -turbulence  interactions  that  lead  to 
signature  distortions. 

This  paper  was  later  reprinted  for  an  AIAA  Sonic 
Boom  Theory  s<sainar  (see  capsule  sirnary  P-93). 
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SOUND  PROPAGATION  IN  AIR 

Everett  F.  Cox 

Handbuch  der  Physik,  Vol .  48,  Geophysik  II,  1957, 

pp.  455-478 

A  sueeury  of  sound  propagation  theory  is  presented 
in  this  paper.  The  author  begins  at  a  wary  basic 
level  by  defining  what  is  sound  and  what  Is  its 
intensity  at  a  point.  Laplace's  equation  for  the 
speed  of  sound  is  then  discussed  and  the  difference 
between  macro-  and  microtia  tecrology  is  explained. 

In  connection  with  this  it  is  pointed  out  that 
sound,  as  a  rapidly  propagated  phenomenon,  is 
affected  by  the  atmospheric  inhomogenaitias  due 
to  micrometeorology.  Here  macroewtteorology  refers 
to  large-scale  weather  patterns,  while  p.icror:ott>or- 
clogy  refers  to  smaller  scale  phenomena  such  as 
turbulence . 

In  using  the  law  of  sound  refraction,  tha  same 
approximation  is  mode  as  was  made  by  Cox,  Plagge. 
and  Reed  in  a  previous  paper  (see  capsule  stwmsry 
R-7) .  This  approximation  sets  the  wind  velocity 
in  the  direction  of  sound  propagation  equal  to 
the  horizontal  wind  at  each  altitude.  The  yosti- 
fication  for  this  approximation  is  that  the  wind 
speed  seldom  exceeds  ten  or  fifteen  percent  of 
sound  speed,  at  least  within  the  troposphere. 
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The  resulting  vector  form  of  the  refraction  equation 

is 

V  -  X  co *B 

where  K,  invariant  for  any  selected  sound  ray,  is 
the  velocity  of  the  intersection  of  the  wave  front 
with  the  horizontal.  It  is  important  to  note  that 
this  approximation  is  not  valid  for  the  propagation 
of  sound  from  an  airplane. 

Absorption,  dispersion,  and  reflection  arc  then 
discussed  briefly  before  applying  the  theory  of 
sound  propagation  to  a  few  specific  examples,  In 
these  exanples,  the  effect  of  various  atmospheric 
temperature  profiles  on  the  propagation  of  sound 
from  an  explosion  is  investigated.  It  is  shown, 
for  example,  that  when  the  sound  velocity  in  some 
azimuthal  direction  increases  uniformly  with 
altitude,  sound  rays  strike  the  ground  at  all 
points  in  that  direction,  all  rays  starting  at 
sufficiently  small  angles  with  respect  to  the 
horizontal  being  refracted  back  to  earth  and 
then  duplicating  their  path  forms  over  and  over 
again  by  reflection  and  refraction.  When  the 
speed  -if  sound  in  a  given  direction  is  less  at 
all  higher  altitudes  than  that  on  the  ground, 
all  of  the  sound  rays  are  bent  away  from  the 
ground  and  none  hit  the  earth,  except  for  cases 
of  abnormal  or  anomalous  propagation,  which  is 
the  final  topic.  This  subject  deals  with  the 
refraction  of  sound  rays  by  the  upper  atmosphere. 

This  paper  is  very  similar  to  an  earlier  paper 
by  Cox,  Flagg* ,  and  Reed.  The  present  paper, 
although  having  broader  subject  coverage,  is  still 
not  applicable  to  the  propagation  of  sonic  booms 
from  airplanes  at  high  altitudes. 

P-17 

A  iJFW  APPROACH  TO  TJC  PPOBLFMS  OF  SMOCK  DYNAMICS . 

PART  I.  ■n.-O-DIMElSIOHAI.  PRORtJTIS 

0.  B.  Khithan 

Journal  of  Pluid  Meet),  '/cl .  2,  1957,  pp.  145-171 

Two-dimensional  problems  of  the  diffraction  and 
stability  of  shock  waves  are  investigated  in  this 
paper.  An  anpraxinato  theory  is  used  in  which 
disturbances  to  the  flow  are  treated  as  a  wave 
propagation  on  the  shocks.  Changes  in  the  slope 
and  Mach  number  of  the  shock  are  carried  by  these 
waves.  The  wave  propagation  is  governed  by  equations 
which  are  analogous  to  the  non-linear  equations  for 
plane  waves  in  gas  dynamics.  It  is  found  that  the 
propagation  speed  of  the  waves  is  an  increasing 
function  of  Mach  number.  Thus,  waves  carrying  an 
increase  its  Mach  number  will  eventually  become 
multi-valued  and  form  what  is  ordinarily  called 
a  shock.  This  corresponds  to  the  breaking  of  a 
compression  wave  into  a  shock  in  the  ordinary 
plane  wave  case.  A  shock  of  this  type  moving  on 
the  shock  is  called  a  "shock-shock."  The  "shock- 
shock"  is  a  discontinuity  in  Mach  number  and  shock 
slope.  It  must  be  fitted  in  to  satisfy  the  appro¬ 
priate  relations  between  these  discontinuities  and 
its  speed. 

The  set  of  curves  formed  by  the  successive  positions 
of  a  curved  shock  as  it  moves  forward  through  a 
uniform  medium  and  the  orthogonal  trajectories  of 
this  set  of  curves  are  used  as  the  basis  for  ortho¬ 
gonal  coordinates  ir.  the  plane.  Toordinstes  (a,(J) 
are  introduced  such  that  the  rays  aiv  5  •  constant 


and  the  shock  positions  arc  a  **  constant.  The 
assumption  is  made  that  the  propagation  of  the 
shock  between  any  two  neighboring  rays  can  be 
treated  as  if  the  rays  wore  solid  walls.  Two  rela¬ 
tions  arc  found  between  M  and  A  where  M  is  the 
Mach  nusaber  of  the  shock  at  (ct,{3i  and  a  (a  ,ji)d(3 
is  the  distance  hotwoon  the  rays  0  and  0  +  d0. 

This  results  in  an  explicit  equation  for  the 
Mach  number  of  the  shock  as  a  function  of  (i t>0 ) 
and,  from  this  function,  the  shock  position  can 
be  determined  for  all  tines. 

The  method  is  kept  simple  by  avoiding  a  detailed 
discussion  of  the  flow  behind  the  shock  through 
the  assumption  that  A  is  a  function  of  M«  Thus  the 
theory  can  only  be  applied  to  certain  types  of 
problems.  One  example  of  a  case  for  which  the 
theory  would  not  apply  is  in  explosion  problems 
in  which  the  Propagation  of  disturbances  originating 
far  behind  the  shock  must  be  considered.  However, 
for  the  diffraction  of  a  uniform  plane  shock  by  an 
obstacle,  the  disturbance  originates  at  the  shock 
and  thus  it  is  more  plausible  to  limit  discussion 
to  the  neighborhood  of  the  shock.  Also,  stability 
is  largely  a  matter  of  local  adjustment  of  the 
flow  near  the  shock  and  can  be  Included  in  the 
application!:  • 

"he  examples  treated  include  the  diffractic.i  of 
a  shock  moving  along  a  non-uniform  wall,  diffraction 
by  a  wedge,  diffraction  by  a  snail  corner,  the 
stability  of  plane  shocks,  and  the  stability  of 
cylindrical  shocks. 

In  the  case  of  diffraction  by  a  wall,  if  the  wall 
always  turns  away  fren  the  flow  region,  an  expansive 
wave  originating  at  the  wall  moves  out  along  the 
shock.  If  the  wall  turns  toward  the  flow,  a  com¬ 
pressive  wave  is  sent  out  along  the  shock.  Eventually 
this  wave  becomes  multivalued  and  a  shock-shock  is 
formed. 

for  diffraction  by  a  wedge,  the  solution  is  a 
shock-shock  separating  two  uniform  regions — the 
familiar  Mach  reflection.  The  present  theory  does 
not  alleviate  the  difficulties  in  the  conventional 
solution  for  conditions  at  a  three  shock  inter¬ 
section.  It  does,  however,  provide  a  method  for 
treating  variations  in  the  three  shock  configura¬ 
tion  which  would  be  caused  by  further  curvature 
of  the  wall  of  the  wedge,  for  example. 

The  case  of  a  msall  corner  allows  a  check  to  be 
made  with  the  results  of  previous  theories.  The 
comparison  shows  that  the  approximate  method 
developed  here  is  most  suitable  for  strong  shocks 
with  Mach  number  greater  than  about  2,  and  must  be 
used  with  care  for  weaker  ones.  The  predicted 
changes  in  Mach  number  are  in  good  agreement  for 
all  strengths,  but  for  very  weak  shocks  the  geometry 
of  the  disturbed  flow  is  not  given  accurately. 

The  reason  that  the  theory  developed  here  is  more 
suitable  for  strong  shocks  is  tnat  this  theory 
cannot  avoid  concentrating  the  change  in  Mach 
number  over  a  relatively  small  part-  of  the  shock. 

For  the  stronger  shocks,  the  results  of  previous 
theories  show  that  this  concentration  is  correct. 
However,  for  weak  shocks,  the  results  of  previous 
work  show  that  the  disturbw.ee  should  be  spread 
out  over  the  entire  part  of  that  shock  that  is 
within  the  sonic  circle.  A  compromise  is  made  in 
the  present  theory  in  that  the  disturbance  is 
concentrated  halfway  to  the  sonic  circle. 
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The  theory  is  then  used  to  demonstrate  that  plane 
Shocks  are  very  stable.  It  is  shown  that  as  the 
concave  curvature  of  a  shock  increases,  its 
strength  increases,  which  results  in  a  tendency 
for  the  curvature  to  decre.o3.  It  is  hypothe¬ 
sized  that  tms  would  preci  Me  focusing  of  plane 
waves.  It  is  also  shown  that  cylindrical  shocks 
arc  unstable. 

Part  II  of  this  paper  {sec  capsule  siSBnary  P-22) 
extends  this  theory  to  three  dimensional  problems. 

The  question  of  the  validity  of  this  theory  for 
Mach  numbers  less  than  2  severely  restricts  its 
utility  in  sonic  boom  applications. 

P-iS 

THE  SHOCK  PATTERN  OF  A  KIHG-8QDY  CGMBIlIATl.jli,  TAR 
FROM  THE  FLIGHT  PATH 
F.  Walk den 

Aeronautical  Quarterly,  Vol.  IX,  Part  II,  Hay  1950, 
pp.  164-194 

This  paper  deals,  for  the  roost  part,  with  sonic 
bocm  generation  theory  (see  capsule  o innary  G-6). 
However,  the  case  of  non-uniform  notion  is  dis¬ 
cussed  briefly,  and  these  results  are  stmnarized 
here. 


Walkden  uses  the  expression  derived  by  Rao  (see 
capsule  Sdonary  P-12)  for  the  asynptotic  bow 
shock  overpressure  for  a  body  moving  non-uni  forr.ly 
along  a  curved  path,  and  nakes  use  of  Kao's  finding 
that  the  F- function  for  a  body  in  non-uniform  curved 
flight  is  the  sane  as  for  the  body  in  uniform  flight. 
Kao’s  theory  was  for  an  axisymetric  body,  but 
walkden  extends  its  validity  to  include  a  wing- 
body  combination  simply  by  using  the  appropriate 
F- function. 
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PROPAGATION  OF  DISCOHTIHUITIER  IN  SOttlT.  WAVES 

K,  E.  Gubkin 

Journal  of  Applied  Math  and  Mechanics,  vol.  22,  !to.4, 

1958,  pp*  767-793. 

The  equations  of  motion  of  a  compressible  gas  are 
solved  in  this  paper  to  obtain  the  propagation  of 
waves  of  small  amplitude,  it  is  assumed  that  the 
characteristic  dimension  of  the  problem  is  large 
compared  to  the  distance  behind  the  wavefront 
within  which  the  physical  variables  arc  disturbed 
significantly. 

The  theory  of  geometric  acoustics  is  used  to 
describe  the  propagation  of  discontinuities  of 
small  amplitude.  Expressions  are  derived  for  the 
pressure  jwn  across  the  shock,  £  •  P  -  Pa,  at  a 
given  point  along  the  ray*  the  position  of  the 
wavefront  at  a  given  time,  and  the  equation  of 
the  ray. 

The  equations  show  that  the  pressure  profile 
behind  the  wave  is  approximately  linear,  and 
independent  of  the  profile  of  the  wave  at  the 
initial  instant.  Also,  in  a  uniform  medii*>  at 
rest,  the  surface  of  the  wavefront  tends  to 
become  spherical  aa  where  P  is  the  wavefront 

radius,  and  the  amplitude  cf  the  wave  falls  off 
according  to  the  law  A  *  B/R  Jtr,P,  where  B  » 
.or.st.ir.t  for  in-  giver,  ray. 


This  is  a  good  brief  treatment  of  the  propagation 
of  weak  shocks  in  a  uniform  atmosphere.  However , 
Mil  than  treated  the  propagation  of  weak  shocks 
in  much  more  depth  m  a  previous  paper  (see  eaor.-.l* 
summary  P-14) . 
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GROUND  MEA.5UREMEHTS  OF  THE  SHOCK-WAVE  HOISE  FROM 
AIRPLANES  IN  LEVE'  FLIGHT  AT  MACH  NUMBERS  TO  1.4 
AMD  AT  ALTITUDES  TO  45,000  PPET 
Domenic  J.  Maqlleri,  Harvey  II.  Hubbard,  and 
Donald  L.  Lansing,  NASA  Ttjn-4S,  Sept.  1959 

The  results  of  flight  test  measurements  of  the 
sonic  booms  produced  hv  two  fighter  airplanes  in 
the  Mach  number  range  between  1,13  and  1.4  and 
at  altitudes  from  25,000  to  45,000  feet  are  pre¬ 
sented  in  this  paper.  These  results  are  concerned 
namlv  with  sonic  boom  propagation.  However, 
human  response  to  the  hens  is  also  considered. 

For  a  discussion  cf  these. results  see  capsule 
summary  HRSC-i. 

The  horizontal  distance  from  the  flight  track  at 
which  data  were  measured  varied  from  about  2.0  to 
14.0  miles.  This  allowed  an  investigation  to  be 
made  of  the  accuracy  of  Whir.ham's  theory  in  pre¬ 
dicting  sonic  boom  magnitudes  at  points  not  on  the 
flight  track  and  of  Randall's  method  (see  capsule 
stannary  P-21)  in  predicting  the  location  at 
which  lateral  cut-off  takes  place. 


An  engineering  form  of  Khi than  ’  s  equation  is 
used  to  predict  the  bow  shock  overpressure  at 
points  both  on  and  off  the  flight  track: 
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where  r.,  -  ground  reflection  factor  »  (APf  ♦  AP^l/AP^ 

APf  ■  pressure  rise  across  incident  or  free- 
*  air  wavc- 

iP  «  pressure  rise  across*  reflected  wave 
r 

K,  *=  airplane  body  shape  factor  (see  capsule 
si"  nary  J-13) 

-  ambient  pressure  at  airplane  altitude,  psf 

P  ■  ambient  pressure  at  ground  level 
o  1 

y  »  perpendicular  distance  free  measuring 

station  to  flight  path,  ft 

M  “  airplane  Mach  nimsber 

d  -  enuivaler.t  body  diwieter,  ft 

t  ”  airplane  length,  ft 


This  equation  does  not  take  into  account  the 
temperature  and  wind  gradients  in  the  atmosphere. 

The  figure  below  shows  a  comparison  of  calculated 
and  measured  values  at  various  lateral  distances 
from  the  flight  crack.  The  agreement  is  seen  to  be 
fairly  good.  The  solid  data  points  represent 
measurement*  made  at  least  ten  miles  off  the  track. 
These  measured  values  are  generally  lower  than 
those  calculated  using  the  ahovc  equation.  This 
is  due  primarily  to  the  neglect  of  atmospheric 
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effects  and  the  influence  of  airplane  geometry 
on  the  pressure  signature.  The  two  points  lying 
above  the  curve  were  made  under  conditions  of 
high  tailwinds  at  altitude. 
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Data  froca  atmospheric  soundings  is  used  in  con* 
junction  with  the  not hod  derived  by  Randall  {sec 
capsule  *s*s rarv  P-21)  to  calculate  ray  paths  for 
sons  smsple  cases  of  these  tests.  The  effect 
of  both  temperature  and  winds  is  included  in  these 
calculations.  For  one  of  the  flights  for  which 
the  Jiach  number  was  1.15  and  the  altitude  was 
50,000  feet,  the  calculations  showed  that  the  ray 
never  touched  the  ground.  The  validity  of  this 
resutw  was  demonstrated  by  the  fact  that  no  sonic 
boon  was  measure:)  for  this  navicular  flight. 

The  qualitative  validity  of  the  theory  of  Randall 
(see  capsu)e  sierary  P-21)  in  predicting  the 
location  at  which  lateral  cut-off  tabes  place  is 
demonstrated  in  the  figure  below.  The  solid  curve 
was  calculated  using  the  equation  given  earlier 
in  this  capsule  mrrary  and  the  lateral  cut-off 
location  is  that  calculated  by  Randall',  although 
the  calculated  values  are  higher  than  the  measured 
values  the  location  at  which  the  overpressure 
becomes  very  small  is  in  good  agreement  with  the 
predicted  location  of  lateral  cut-off. 

This  was  one  of  the  first  experimental  investigations 
into  the  validity  of  the  sonic  boon  propagation 
theories  of  Whithan  and  Randall.  It  demonstrated 
the  qualitative  validity  of  both. 
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METHODS  FOR  ESTDlATIiiG  DISTRIBOTl'.XIS  AMD  IHTEHSITIES 
OF  seme  BASICS 
D.  G.  Randall 

Aeronautical  Research  Council  Technical  Report,  R.  6  M. 
Mo.  3113,  1959 

The  effect  of  flight  maneuvers  and  atmospheric 
stratification  on  the  propagation  of  sonic  boon 
is  treated  in  this  paper.  All  of  the  calculations 
are  based  upon  a  body  of  revolution  having  an  area 
distribution  which  is  typical  of  conventional  air¬ 
craft.  This  area  distribution  is 

2  2 

S  -  16  Ij  )  (1  --jf) 

where  S  -  naxiaua  cross-sectional  area 
c 

J  **  length  of  aircraft 

n  *  distance  of  a  section  of  the  aircraft 
free  the  nose  . 

The  F- function  is  evaluated  from  this  area  distri¬ 
bution  and  the  result  is  used  to  evaluate  the  integral 
in  Whithan’s  asymptotic  formula  (see  capsule  s.n- 
eary  G-3) .  The  resulting  expression  for  the  how 
shock  overpressure  for  steady  level  flight  in  a  non- 
hnmogen-ous  atmosphere  is 


At*  "‘•'•"■a  H*'* 

^rr~‘  «1/4  (h2  - 1)1/4  s3/4 

where  F^  =•  pressure  at  airplane  altitude 
-  pressure  at  ground 

In  this  equation  the  effect  of  the  variation  of 
density  with  altitude  has  been  crudely  accounted 
for  by  replacing  P0.  the  pressure  of  the  undisturbed 
air,  by  a  geometric  mean  pressure, 

For  accelerating  or  maneuvering  aircraft,  the 
fol lowing  equation,  which  results  from  applying 
the  formula  derived  by  Rao  (see  capsule  summary 
F-12)  to  the  body  used  in  this  investigation,  is 
used; 
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where's  »  distance  from  point  of  origin  of  sonic 
boom  to  point  of  reception 


X  is  as  defined  in  capsule  aiessary  P-11 
and  B  has  the  following  forms: 


B«  <-l)1/2  sinh_i  <S/-X)1/2,  X<0 
B  *  fX)J/2  sin*1  (s/X3 3/2 ,  X  >0,  S<  X 


B 
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-(X)i/2  [-r  *  cosh*1 
1  * 

S1/2,X.. 


{S/X)1/2],X  >0,  S>  X 


An  approximate  expression  is  derived  for  the 
overpressure  at  a  cusp,  whore  the  theory  predicts 
infinite  overpressures.  This  expression  is: 


S3 
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This  is  an  engineering  approximation  at  best  and 
is  not  correct  because  it  violates  sene  of  the 
basic  asstmptions  of  the  theory.  It  predicts  cor¬ 
rect  qualitative  trends  but  it  does  not  predict 
the  magnitude  correctly. 

The  first  case  treated  is  that  of  a  horizontal 
circular  turn  at  M  ■  1.5  at  an  altitude  of 
10,000  feet.  The  radius  of  the  turn  i3  24,600  feet. 
The  first  figure  r-c low,  which  was  taken  fror,  this 
paper,  shews  the  position  of  the  shock  at  a  par¬ 
ticular  instant.  It  has  two  branches.  The  second 
figure  shows  a  plot  of  overpressure  versus  dis¬ 
tance.  The  dashed  line  was  evaluated  using  Uhithas's 
theory,  which  neglects  the  effects  of  acceleration. 
It  ceases  to  be  even  qualitatively  correct  near 


In  sucr  an  alnospnei,-  the  disturhan-o  it  or c;>aqatc*1 
alone  rays  which  are  not  straight  lines  but  cirt lr- . 
The  disturbances  -*rc*!uced  by  an  airplane  rev j ng 
s-.tpe rsonieally  have  ar.  envelope.  ar.d  the  rays  jeirrii 
ing  the  sofioi,  of  the  envelope  are,  in  general, 
circles.  Thus.  e-re;.  ;f  the  rays  start  with  a  d'-w.- 
ward  slope,  they  eve  *-  ... i :  j  leesec  hcri.-.ental 
finally  ssve  uj  .way  ircss  the  ground.  loots  to 

the  ferrarion  of  a  rasp  at  the  point  at  vhi.h  *.# 
rays  became  horizontal. 


The  bending  of  the  rays  also  leads  to  the  rhonoce* 
non  know:!  as  lateral  cut-off.  This  refers  to  the 
United  extent  of  the  lateral  spread  of  thr  points 
on  the  ground  at  which  the  sonic  beer.  is  heard. 
Lateral  cut-off  takes  dace  at  the  r-c...ti  on  each. 
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The  final  subject  discussed  is  the  effect  of  winds. 
Two  r*ses  are  treated:  v  gradient  of  headwind 
xfwed  and  a  constant  si  te-wind .  when  there  is  no 
win-’  no  sonic  boon  is  r'-ieived  ar.ywnere  on  the 
n-our-d  if  v<  a,.  Sut,  i*  the  headwind  speed  at 
altitude  h  is  Aw  greater  than  at  the  ground,  the 
speed  of  the  aircraft  aunt  be  ted -iced  fc.  Aw  so 
that  V  -  Aw  <  aq-  The  ef  ecr  of  a  constant  side¬ 
wind  is  to  increase  the  Lateral  spread  or.  the  side 
of  the  track  toward  which  ch'1  wind  is  bloving  and 
to  decrease  it  by  the  saa-  amount  on  the  other 
side. 
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The  cases  cf  a  sinusoidal  variation  of  altitude 
and  a  sinusoidal  variation  of  forward  speed  are 
also  treated.  The  approximate  results  indicate 
that  the  "su;*r-booc--3"  produced  at  the  cusp  cf 
the  shock  have  intensities  of  two  to  three  times 
the  intensities  predicted  by  Whithass's  theory. 

The  effect  of  refraction  or.  the  propagation  of 
sonic  boces  is  then  considered.  The  speed  of  sound, 
a,  is  ass-joed  to  vary  with  altitude  according  to 
the  '■quation 


This  is  a  very  significant  pap?r  in  the  deveiop- 
ner.t  of  scr.ic  bo ce  propagation  theory.  It  is  sig¬ 
nificant  because  it  present*  one  cf  the  first 
correct  treatments  cf  the  effect  of  a  non-hsaogef.ee _s 
atmosphere  Or.  the  profMgatien  of  sonic  boons. 
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A  NEW  AFPRTAC1-  TO  TSX  FBOBLEMh  CP  SHOTS  SYiVJtICS. 

PkRT  II.  TK  SEC  -  D IKE5 : 5 1  OK  AL  PFC-BUTiS 

C,  B.  Whithan 

Journal  of  Fluid  Jiech. ,  Vol.  5,  1955,  pc.  369-3S6 

This  -af-cr  extends  the  theory  of  Part  I  (see  cap¬ 
sule  iirsurv  P-IT)  to  include  ocr.eral  three 
dir-ensiofa:  r-rohlc^.s.  The  extension  is  only  a 
natter  c {  manipulating  equations.  The  basic  assumption 
of  a  functional  relation  between  the  strength  of 
the  shock  wave  at  any  point  and  the  area  of  the 
ray  tube  regains  the  r,ar>  .  The  theory  is  applied 
to  the  cases  of  diffraction  of  a  plane  shock  wave 
by  a  cone,  diffraction  by  a  sier.der  axisyanetric 
body  of  general  3ha::-e,  ar.  the  stability  cf  a 
plane  shock.  The  reader  is  referred  to  capsule 
siw.ary  P-1  -  for  further  details  cf  this  theory. 
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WT.ATNER  ASPECTS  OF  Tic  SONIC  arxrt 

fiavid  Fisher 

Bureau  Of  Naval  ^einens ,  Fe-x>rt  No.  RFSY-60-24,  May  I960 


where  k  *  const 
and  h  «  altitude 


A  short  disdus^lcv.  which,  relies  upon  the  use  of 
Snell's  law  to  determine  the  effects  of  atmosphei *o 
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;  i‘  -.!«■,  tf-n-'praturc  gradients  upon  the  ray  paths 
•»nJ  ;■<.!.  i c  I  con  ground  patterns  is  presented  in 
U”. ...  i  aper.  It  is  shown  that  the  effect  of  a 
standard  ter.-erature  qrndient,  considered  alone, 
is  to  ,'lter  tiie  ground  pattern  from  that  expected 
r  at  isothermal  atmosphere,  the  effect  depending 
inoti  the  flight  condition”  of  the  aircraft.  At  the 
tow, 'st.  soeed  considered,  »  1.05,  the  patterns  are 
.•  ir.  the  forward  direction  and  extended 

in  the  lateral  direction.  Tor  a  45*  dive  angle 
..t  M  =  1.0b,  the  effect  of  temperature  is  to 
distend  the  pattern  sufficiently  so  that,  for  an 
altitude  of  40.00C  feet,  the  pattern  is  open  in 
the  forward  direction.  At  higher  speeds,  the 
it .nary  effect  is  to  limit  the  coverage  of  the 
,<■.  .  -  l.oon  or.  ti.  ground;  that  is,  for  most  flight 
conditions  the  temperature  gradient  produces  a 
doted  figure,  whereas  for  the  isothermal  atmosphere 
•  he  patterns  are  essentially  parabolic.  For  the 
at,-;  whore  the  aircraft  mokes  a  vertical  dive, 
circular  pattern  remains  unchanged,  however, 
t!  •>  area  covered  by  the  boom  is  enlarged  as  a 
re.  tit  of  a  temperature  gradient. 

•“he  off  ict  of  wind  is  found  to  depend  upon  the 
ratio  of  the  wind  speed  to  thr  speed  of  sound. 

When  the  ratio  is  much  less  than  unity,  the  effect 
of  the  wind  is  small.  However,  under  certain 
conditions  the  effect  f  a  wind  gradient  can  be 
significant,  when  considered  in  conjunction  with 
a  temperature  gradient. 

"... is,  along  with  Randall's  paper  (see  capsule 
S'tmnary  P-21) ,  was  among  the  earliest  investigations 
into  the  effects  of  tempo  rat.. re  and  wind  gradients 
on  sonic  boor  propaga '■ i on .  this  paper,  however, 
does  not  treat  the  subject  m  as  much  depth  as 
Panda 11 's  paper. 
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i:ir:rs  of  flight  maneuvers  o::  the  distribution 
t  some  dooms 
Dot. aid  1..  to  ng 

Paper  :>ros;m.at«  to  tht  -Synpoiium  e  Atr.oj  heric 
Acottf.tic  Propagation,  1.1  Paso,  Texas,  June  11-10,  l!)f,l 

.  tun  rianer  presents  .-..i  analytical  uocbniouc  for 
predicting  tie  ground  areas  most  libel;  to  experience 
intensified  sonic  cOems  as  a  result  of  aircraft 
fli'-l.c  nriaeuV?”.,.-  This  work  is  based  upon  the 
acoustic  th>v  cv  o_  sound  propagation  in  ir.c 
atmosphei  . 

The  dtnv  \t.en  proceeds  from  two  basic  equations. 

Tt.e  first  r.qi  tion  describes  the  shape  of  a  sin -lc 
wave  front  exj  andi.ig  about  an  arbitrary  point 
(/  ,  y  z  )  of  the  flight  path.  The  second 
equation,  considered  simultaneously  with  the  fust, 
constitutes  the  condition  that  these  wave  fronts 
form  O',  envelope.  Within  hnc  approximations  of 
acoustic  theory,  this  envelope  represents  the 
shock  wave  ef  the  aircraft.  These  two  equations 
are  solved  to  obtain  the  ground  shock  >f  •  pattern 
in  terms  of  the  aircraft  position  and  velocity 
along  the  flight,  path. 

Using  thc.ue  equations,  the  ground  patterns  for 
various  flight  nar.eu  .rs  are  then  obtained.  Those 
cases  include  o  horizontal  sidet-lip  maneuver,  a 
horizontal  elliptic?!  turn,  and  ?  vertical  l.  tc. 


The  figure  below  shows  a  plan  view  of  the  shod: 
front  on  the  ground  produced  by  a  horizontal  sideslip 
maneuver  at  lonstant  altitude.  Two  different  effects 
which  flight  maneuvers  nay  have  upon  the  distribution 
of  sonic  booms  arc  clearly  illustrated  by  this  figure. 
The  first  of  these  is  the  focal  point  produced  at 
point  s  on  the  shock  wave.  The  energy  originating 
over  the  portion  of  the  flight  path  between  points 
D  and  E  is  concentrated  in  the  area  in  the  vicinity 
of  point  S  resulting  in  an  increased  shock  strength. 
The  second  effect  is  the  cusp  in  the  shock  at  S', 
which  is  formed  as  the  shock  is  folded  back  upon 
.  ‘■.self.  The  energy  originating  between  points  R  and 
C  of  the  flight  path  is  concentrated  in  two  shocks 
near  the  tip  of  the  cusp. 


Smock  front 
(ON  GROUND) 


GmunU  Shockwave 

The  horizontal  elliptical  turn  and  the  vertical 
dive  al30  produce  cusps  at  certain  positions  on  the 
shock  ground  pattern. 

A  qualitative  indication  of  the  relative  energy 
concentration  and  shock  pressures  along  the  ground 
pattern  are  given  by  the  convergence  of  the  rays 
in  the  neighborhood  of  focal  points  and  the  over¬ 
lapping  o.'  t.,  »  rays  which  leads  to  cusps.  It  is 
not  suffic.  - .c,  however,  for  predicting  the  magni¬ 
tude  of  the  pressures  in  these  regions.  To  do  this, 
>t  would  be  necessary  to  take  nonlinear  effects 
into  account,  and  this  is  not  done  in  this  paper. 

Previous  investigations  dealing  with  the  effects 
Of  flieht  maneuvers  and  acceleration  on  the  sonic 
boom  were  conduct'd  by  Rao  (see  capsule  evmmaries 
P-11  and  P-12),  ’-’alvden  teee  capsule  stftroary  P-10), 
and  Randall  (see  capsjle  sunmary  P-21).  However, 
those  investigations  were  concerned  mainly  with  the 
effects  on  the  magnitude  of  the  sonic  boom  rather 
than  with  the  shock,  pattern. 

The  significance  of  this  paper  lies  in  its  clear 
explanation  .-.r.d  illustration  of  the  manner  in  which 
flight  maneuvers  produce  cusps  and  focal  points  in 
the  ground  shock  pattern. 
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GROUND  MEASUREMENTS  OF  THE  SHOCK-WAV);  NOISE  FROM 

SUPERSONIC  BOMiSEP  AIRPLANES  IT!  THE  ALTITUDE  RANGE 

FROM  30,000  TO  0,000  FEET 

Domenic  J.  Maglieri  and  Harvey  II.  Hubbard 

NASA  TND-lMi;,  July  1961 


Yhi s  paitcr  la  ljosically  concerned  with  lift  effects 
on  the  sonic  lxx»  intennitv  of  a  IJ— 1>0  'oomber.  Tor 
.1  discussion  of  these  results  see  capsule  sirmory 
«-10.  however,  the  lateral  spread  of  the  sonic 
loon  ground  pattern  was  also  investigated  ami 
these  results  arc  discussed  here. 

Tlic  tests  were  conducted  at  Mach  mrtbers  fron  1.24 
to  1.52,  for  altitudes  fron  about  30,100  to  50,000 
feet,  and  for  a  gross  weight  range  fron  about 
03,000  to  120,000  pounds.  The  bulk  of  the  pressure 
neanuronents  wore  nade  along  the  flight  track  of 
the  aircraft,  although  sono  data  wore  recorded 
at  lateral  distances  up  to  approximately  19  niles 
fron  the  flight  track.  Ir,  the  figure  below,  the 
bow  shock  overpressure  is  plotted  as  a  function 
of  lateral  distance  fron  the  flight  track.  Absolute 
calibration  of  microhar igraph  eguipnent  was  not 
available,  so  only  the  relative  amplitudes  of 
the  peak  pressures  are  given.  Also  shown  arc  the 
calculated  cutoff  distances  due  to  refraction  for 
the  altitude  range  of  the  tests  based  on  the 
nethod  of  Randall  (see  capsule  sunary  P-21) ,  for 
which  a  standard  atmosphere  is  assorted.  The  figure 
shows  that  the  relative  amplitudes  of  the  pressures 
generally  decrease  as  the  lateral  distance  increases. 
The  experimental ly  determined  cutoff  distances  are 
m  roughly  the  sane  range  as  those  -alculated  using 
Randall's  method. 
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In  an  earlier  paper  (see  capsule  sunnary  P-20) 
Maglicri,  Hubbard,  and  Lansing  presented  the  results 
of  flight  tests  which  also  qualitatively  substantiate! 
Randall's  predictions  of  cutoff  distances. 
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S0HIC  BOOM  WAVTS — CALCULATION  OF  ATMOSPHERIC 
REFRAC"  *0!) 

Jack.W.  Reed  and  Kenneth  C.  A<’.ar.i3 

Aerospace  engineering,  March  1962,  pp.  66-07  and 

101-105 

equations  are  presentpc  in  this  paper  which  describe 
the  refraction  of  a  conical  acoustic  wave  as  it 
propagates  through  an  atmosphere  in  which  the 
wind  and  temperature  arc  horizontally  stratified. 

The  derivation  is  limited  to  the  steady  level 
flight  of  a  body  of  revolution,  and  it  is  assumed 
that  an  acoustic  wave  is  generated  by  supersonic 
flight. 

An  expression  for  the  component  of  t!>  horizontal 
wind  in  the  azimuthal  direction  of  a  given  rav 


ia  derived.  (Here  the  azimuthal  direction  refers 
to  that  in  the  horizontal  plane.)  This  wins!  -op¬ 
ponent  is  then  added  to  the  local  soimd  veloeitv 
to  get  the  ray  velocity.  This  ray  velocity  ir, 
then  used  in  Snell's  law  (see  capsule  suznarv 
r-7)  to  calculate  the  refraction  of  the  rav.  As 
pointed  out  in  capsule  sirmary  P-6,  this  approach 
is  valid  only  for  ground  level  explosions,  and 
not  for  predicting  the  propagation  of  sonic  loop-, 
from  airplanes  at  high  altitudes.  As  a  result  of 
this  error,  the  results  of  the  rest  of  the  pancr 
are  invalid. 
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PROPAGATIOtJ  OF  SONIC  BOOM  THROUGH  A  ilOIHJHlFOHM  ATMOS!'  ' : 

Edward  J.  Kane 

Boeing  Airplane  Company,  Document  Ho.  D6-0979,  m.v»  !"■  2 

Tlie  appendices  of  this  report  present  the  results 
of  a  theoretical  study  on  the  propagation  of  sonic 
booms  through  a  nonuni  form  atnosi>herc.  The  wori 
was  performed  under  a  Booing  research  contract  In- 
Manfred  p.  Friedman  at  MIT. 

MIT  Technical  Report  29  contains: 

1.  The  drivation  and  solution  of  the  equations 
governing  the  strength  of  a  shock  wave  as  it 
propagates  along  a  given  ray  path  through  a 
nonuniform  atmosphere  with  wind  gradients. 
Expressions  are  derived  which  show  the  depen¬ 
dence  of  shock  strength  on  atnosnhone  con¬ 
ditions  and  distance  travelled.  These  results 
are  than  combined  with  Whithorn's  to  relate 
the  shock  to  aircraft  speed  und  shape. 

2.  The  derivation  and  solution  of  the  equations 
which  govern  the  rav  path  anil  location  of  an 
acoustic  wave  (shock  wave  of  zero  strength) 

as  it  propagates  through  a  nonunifom  atmosphere 
with  wind  gradients. 

3.  An  extension  of  the  acoustic  rav  tracinu 
results  to  include  true  shock  propagation 
sjicods  instead  of  acoustic  speeds. 

<1.  An  attempt  to  formulate  and  obtain  -In.-  solution 
of  the  equations  which  would  doscrih*  the 
behavior  of  a  shock  wave  of  finiti  strength 
in  the  regions  whore  acoustic  wave  analysis 
predicts  complete  refractions  and  infinite 
shock  strengths  { suporlooms ) . 

6.  A  discussion  of  the  stability  of  two  and 
three-dimensional  concave  propagating  shoe! 
fronts  of  snail  curvature. 

6.  An  outline  for  the  computation  ar.d  com! u nation 
of  the  above  solutions. 

The  overall  purpose  of  the  study  is  to  present 
techniques  for  determining  the  location  and  otrcwith 
of  the  shock  produced  by  an  airplane  flyim:  at 
supersonic  speeds .  In  general,  three  levels  of 
approximation  have  been  envisioned  bv  the  author. 

Tliey  are : 


1.  use  of  acoustical  ray  tracing  for  location  of 
the  shock  and  an  improvement  to  Whithorn ' * 
theory  (see  capsule  summary  c:-3)  for  dote:  - 
pinatior,  of  its  strength.  These  two  j !  use:, 
can  be  solved  indepei.dert.lv  of  on<  a.. other 
by  making  sene  amplifying  -  urnot  to..-. . 
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2.  i:r,e  of  tho  improved  shock-ntrongth  theory 
with  tho  ray  path  being  determined  hv  tho 
acoustic  theory  equations  using ,  however, 
the  propagation  speed  giver  by  weak  shock 
relations,  i.e.,  n  simultaneous  solution  of 
tlie  shock  ntrenqth  and  ray  path  equations. 

1  •  Use  of  the  improved  shock-strength  theory 
with  the  ray  path  being  determined  by  the 
actual  shock  wave  strength. 

•he  latter  level,  though  more  complicated,  should 
:c-  valid  for  nearly  all  flight  situations. 

Appendix  I  presents  the  basic  formulation  of  the 
problem,  however,  following  the  preparation  of 
the  report  (Appendix  I) ,  sono  improvements  and 
:har.gcs  wore  made.  Specifically,  a  coordinate 
system  moving  with  the  wind  at  the  airplane 
altitude  was  used  in  deriving  the  shock  strength 
and  ray  tracing  equations,  and  an  improved  deri¬ 
vation  for  the  ray  tube  area  was  presented.  Also, 
a  slight  improvement  in  the  equation  for  the 
prediction  of  the  shock  strength  was  made.  These 
modifications  are  presented-  in  additional  appendices. 

Tiie  attempt  to  describe  the  behavior  of  a  shock 
wave  of  finite  strength  in  regions  whore  acoustic 
wave  analysis  predicts  complete  refractions  and 
infinite  shock  strengths  uses  an  approximation 
hotter  than  the  acoustic  one.  in  tills  approxi¬ 
mation  the  propagation  speed  of  the  shock  is 
proportional  to  its  strength.  The  results  of  using 
this  improved  method  show  that  complete  acoustic 
refraction  (bending  upward  of  an  initially  down¬ 
ward  propagating  ray)  cannot  occur.  This  is, 
obviously,  an  incorrect  result,  since  complete 
acoustic  refraction  does,  in  fact,  occur.  The 
error  lies  in  the  use  of  the  weak  shock  propa¬ 
gation  speed  in  the  neighborhood  of  the  caustic. 

In  this  region  the  shock  becomes  too  Strong  for 
the  weak-shock  approximation  to  be  valid. 

In  a  later  paper  (see  capsule  sistnary  P-00)  Hayes 
also  develops  a  method  of  accounting  for  the 
propagation  of  sonic  booms  through  a  nonuni  fora 
atmosphere.  However,  while  the  present  paper 
merely  scales  the  magnitude  of  the  asymptotic  be** 
shock  overpressure  to  take  account  of  atmospheric 
effects,  Hayes'  method  also  accounts  for  the 
influence  of  the  atmosphere  on  tho  shape  of  the 
pressure  signature  as  it  propagates  away  from 
the  aircraft. 

The  same  naterial  covered  in  MIT  Technical 
Report  29  is  also  covered  in  a  later  paper  by 
Friedman,  Kane,  and  Sigalla,  with  minor  modifica¬ 
tions  (see  capsule  smrnary  P-33) .  Ir.  a  later  MIT 
rgport  Friedman  developed  a  computer  program  for 
implementing  the  theory  derived  here  (see  capsule 
summary  P-35) .  Kane  (see  capsule  summary  P-42) 
used  tho  theory  developed  in  the  present  paper 
to  investigate  a&iospherie  effects  on  the  sonic 
boom. 

In  a  later  paper  by  Ltsonberg  (see  capsule  simiry 
P-6B)  it  is  shown  that  Frieftian's  derivation  of 
the  ray  tube  area  in  an  inhomogeneous  atmosphere 
ir.  incorrect.  The  effect  of  this  error  upon  Kane's 
results  (capsule  suamary  P-42)  is  verv  small  KlOt), 
as  shown  by  Hayes  and  Runyan  (see  capsule  sin- 
nary  R-153) . 


In  spite  of  its  shortcomings,  this  was  a  significant 
paper  in  the  development  of  sonic  boon  propagation 
theory  because  it  wag  the  first  formulation  of  the 
solution  for  a  far  field  H-wavo  through  a  nonuniform 
moving  atmosphere. 

P-2U 

atmospheric  focusing  of  sonic  DOOMS 

Jack  W.  Reed 

Journal  of  Applied  Meteorology,  Vol.  1,  June  1962, 

pp.  265-207 

This  is  a  short  note  which  presents  an  approximate 
method  for  determining  conditions  under  which  sonic 
boom  focusing  nay  occur  under  conditions  of  steadv 
level  flight.  The  method  is  based  upon  the  deter¬ 
mination  of  those  conditions  under  which  a  ray 
emitted  horizontally  will  be  refracted  to  hit  tho 
ground.  When  this  occurs  it  will  he  part  of  a 
strongly  converged  and  compressed  section  of  wave. 

7ui  expression  is  derived  for  the  initial  rav 
velocity  for  rays  emitted  in  the  horizontal  plane 
of  the  airplane.  It  is  expressed  in  terms  of  tho 
heading  angle  of  tho  itrplane,  the  wind  direction, 
airplane  Mach  number,  sound  speed  at  airplane 
altitude,  and  wind  speed  at  airplane  altitude. 

It  is  then  stated  that  this  initially  horizontal 
ray  will  reach  the  ground,  provided  there  are  no 
intermediate,  high-velocity  layers,  whenever  the 
initial  ray  velocity  exceeds  ground-level  similarly 
directed  ray  velocity.  An  evaluation  of  the  equation 
for  minimi®  flight  level  wind  speed  for  horizontally 
emitted  rays  to  reach  ground  and  give  boom  focusing 
is  then  made.  Using  these  results  a  "safety-gram" 
is  constructed  for  different  flight  altitudes,  Mach 
r.i®bcrs,  and  wir.d-ninus-heading  angle  differences. 
When  flight  conditions  indicate  a  case  which  falls 
above  the  appropriate  curve,  a  ground  level  focus 
nay  occur.  When  a  case  falls  below  the  curve  no 
focus  will  occur. 

In  an  earlier  paper  (sec  capsule  sipmary  P-26) 

Reed  and  Adams  derived  an  erroneous  method  of 
calculating  atmospheric  refraction  of  sound 
waves.  The  same  incorrect  approximations  were 
made  in  the  present  derivation  and  thus  the  validity 
of  the  results  obtained  here  is  questionable. 
Furthermore,  the  focusing  criterion  used  here 
is  actually  an  extreme  lateral  spread  criterion. 

P-29 

0(1  TIE  aiERGY  OF  ACOUSTIC  WAVES  PROPAGATING  III  MOVING 

MEDIA 

O.  S.  Ryshov  and  G.  M.  Shefter 

Appl.  Math.  .'lech.  (PMM)  ,  Vol.  26,  1962,  pp.  1293-1309 

An  expression  for  the  pressure  j\®p  at  a  shock 
front  in  the  approximation  of  geometrical  acoustics 
is  derived.  The  dissipation  of  the  amplitude  of 
the  wave  as  it  propagates  through  a  moving  nedi  ir¬ 
is  also  accounted  for  by  the  dissipation  of  energy 
in  the  shock. 

Th*  derivation  begins  with  the  conservation  equations 
ef  mass,  morion tvm,  and  entropy,  together  with  tho 
first  law  of  thermodynamics.  These  equations  are 
used  to  express  tho  law  of  conservation  of  energy 
in  terms  of  the  deviations  of  the  pressure,  entropy, 
and  velocity  from  their  initial  values  due  to  the 
passage  of  an  acoustic  wave.  The  equation  is  then 


fa 


simplified  to  the  cast-  of  the  notion  of  a  thin 
acoustic  wave  through  a  moving  medium.  A  thin  acoustic 
wave  is  <tc  fined  to  be  one  for  which  thu  width  of 
the  zone  of  disturbance  of  the  flow  is  snail  ccri- 
part.il  with  the  principal  radii  of  curvature  of  tlie 
shock- front  and  with  the  distance  at  which  the 
parameters  of  tne  initial  medium  are  significantly 
changed.  The  resulting  equation  is  the  basic 
equation  of  geometric  acoustics.  It  expresses  the 
law  of  conservation  of  energy  for  propagation  of 
a  thin  wave  of  snail  amplitude  in  a  roving  medium. 

An  elementary  rav  tube  is  then  considered,  an<! 
the  rate  of  change  of  the  area  of  the  acoustic 
wave  front  ns  it  noves  along  the  ray  tube  is 
found  in  toms  of  the  ray  tube  area.  This  is 
then  used  to  find  the  rate  of  cliangc  of  enorov 
along  the  ray  tube,  which,  in  turn,  enables  the 
law  of  variation  of  the  amplitude  of  the  acoustic 
wave  to  l>c  calculated.  The  rate  of  change  of  wave¬ 
length  of  the  acoustic  front,  defined  as  the 
distance  over  which  the  disturbance  caused  by  the 
wavefront  takes  place,  is  also  derived  m  terms 
of  the  velocity  of  the  wavefront  along  the  ray 
and  the  initial  wavelength. 

The  notion  of  a  shock  wave  of  snail  anplitude 
in  the  approximation  beyond  geometric  acoustics 
then  considered.  In  this  approximation  the 
ict!  of  a  shock-front  is  different  from  the 
si  ced  of  propagation  of  an  acoustic  wave,  and 
its  amplitude  in  damped  according  to  a  different 
law.  It  is  shown  that  the  nonlinear  lawn  of 
damping  of  shock  waves  in  arbitrarily  moving 
media  are  explained  by  the  dissipation  of  energy 
in  the  shock.  This  is  done  by  showing  that  the 
change  per  unit  tine  of  the  total  energy  of  an 
elementary  acoustic  impulse  contained  within 
a  ray  tulic  is  proportional  to  the  energy  that 
is  dissipated  m  the  form  of  heat  per  unit  tine 
at  the  element  of  shock-front  contained  within 
the  ray  tube,  repressions  for  the  laws  of  variation 
of  the  pressure  jir’.p  across  the  shock  and  the 
wavelength  of  the  shock  are  then  derived. 

All  of  the  previous  results  apply  to  unsteady  shock 
vaves  propagating  in  a  nordiomogencous  nedi>n. 

The  analogous  equations  for  steady  flows  are 
then  derived. 

Several  of  the  results  derived  here  arc  analogous 
to  those  derived  previously  by  Whi  than  (see  capsule 
summary  P-l<!) ,  Keller  (see  capsule  siroary  P-r,) , 
Blokhintzcv  (see  capsu)  r.trunary  P-3),  and  bu  bond, 
Conen,  Panofsl'.y  a.d  began  (see  capsule  S  Winary  P-2). 
Du  bond,  ct  al.  als  -»  .vd  the  danpir.g  of  a  shock 
wave  by  calculating  c  at  which  it  dissipated 

energy  into  heat.  U,.  .  .,  they  treated  cnlv  the 

cylindrical  sliocks  surrounding  i  body  of  revolution. 
The  law  of  conservation  of  energy  derived  by  Rvshov 
arid  she  f tor  in  the  present  paper  for  the  propagation 
of  a  thin  wave  of  small  amplitude  in  a  moving 
medium  is  analogous  to  the  invariant  relation 
derived  by  Blokhintzcv  (see  capsule  swsnary  P-3) . 
However,  Blokhintzev  limits  his  discussion  to 
sound  waves,  whereas  m  the  present  paper  the 
relation  is  usod  to  calculate  the  damping  of  the 
shock  wave  anplitude.  The  expression  derived  in 
the  present  paper  for  the  law  of  variation  of 
the  amplitude  of  an  acoustic  wave  is  the  same 
as  that  obtained  by  Keller  from  different  con¬ 
siderations.  Whithorn  der-ved  an  expression  for 
the  amplitude  of  a  we;.'-  shock  prop  ton*.  »ng  alon 


a  ray  tube  at  large  distances  from  the  source  nr 
disturbances.  However,  the  analogous  expre  : ion 
derived  in  this  paper  is  valid  at  all  distances 
from  the  body. 

This  is  an  excellent  paper  for  determining  :  he 
perturbations  in  physical  guantities  caused  by 
the  propagation  of  a  weak  shock  in  a  moving 
mediwa. 

P-30 

sonic  booms  frou  AiHCKArT  in  M/.qnnvrra 

hononic  J.  flaglieri  and  Donald  banning 

Sound,  Vol.  2,  Ho.  2,  (tarch-April  1'5C. ,  pp  30-/52 

This  report  presents  the  results  of  flight,  tests 
conducted  to  check,  the  accuracy  of  sonic  l-ocm 
propagation  theory  in  predicting  the  ef for  ts  of 
flight  maneuvers.  The  flight  maneuvers  coeducte * 
in  this  test  included  linear  acceleration  and 
lateral  accelerations  in  which  the  aircraft  was 
flown  in  constant-speed  circular  turns.  In  oath 
case  an  array  of  measuring  instruments  wan 
located  at  strategic  points  on  the  ground. 

Hay  patli  calculations  wore  used  to  compute  the 
groimd  shock  pattern  of  the  maneuvering  aircraft. 
Tlie  details  of  these  calculations  are  not  given. 
The  resulting  ground  pattern  is  then  compared 
with  the  type  of  pressure  signature  measured  at 
each  station. 

Tlie  results  for  the  case  of  linear  acceleration 
are  shown  in  the  figure  !>clow.  tt  can  bo  seen 
that  there  is  good  <•  ..tativr  agreement  between 
the  type  of  signature  measured  at  cacli  station 
and  that  which  would  result  from  the  calculated 
qround  pressure  pattern.  For  simplicity  only 
the  bow  shock  is  shown  in  the  calculated  shock 
pattern.  Tlie  overpressure  at  point  (a)  is  signifi¬ 
cantly  greater  tliar.  that  at  either  (b)  or  (ci . 

This  is  in  agreement  with  the  predicted  location 
of  a  cusp  at  point  (a) .  This  figure  was  taken 
from  this  paper. 
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The  results  for  the  case  of  con- ■ ant-speed  circula 
turns  are  £  own  m  tlie  figure  below .  Ag.ur,  the 
agreement  between  the  type  of  pressure  signature 
measured  at  each  station  and  thet  wr.irh  would  rose 
from  the  predicted  ground  pressure  natterr.  j- 


at 


W°  Circular  turn 


Pour  significant  results  were  obtained  from  the 
comparison  of  experiment  and  theory': 

1.  There  was  perfect  agreement  with  regard  to 
the  number  of  boons  observed. 

2.  The  pressure  buildup  factor  at  a  cusp  was 
neas'ired  to  be  fron  2  to  4,  while  no  rigorous 
analytical  nethod  was  available  for  predicting 
this  buildup.  However,  an  empirical  estimation 
nethod  predicted  a  factor  of  three. 

3.  The  relative  positions  of  the  multiple  shock 
waves  observed  during  the  measurements  were 
noted  to  be  within  1000  feet  of  the  predicted 
relative  positions  for  the  on-the-track 
locations. 

•1.  The  location  of  tho  initial  puperboom  impact 
was  found  to  be  predictable  within  about  2 
miles  when  good  tenperature-profile  and  airplane- 
position  information  was  available. 

This  is  a  significant  paper  in  the  development 
of  sonic  bom  propagation  theory  because  this 
experimental  investigation  was  the  first  to  investi¬ 
gate  the  effects  of  flight  naneuvers  on  the  shock 
wave  pattern  and  intensity.  The  results  Qualitatively 
verify  the  validity  of  sonic  bom  propagation  theory 
in  predicting  these  effects. 
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TIE  EFFECT  Or  IMCinCtlCE  0t3  SONIC  BANG  INTENSITIES 

D.  G.  Randall 

Royal  Aircraft  Establishment  Tech,  note  Ho.  Structures  332 

April,  1063 

In  1961  Randall  and  Uarreu  wrote  an  article  entitled 
"the  Theory  of  sonic  Banos"  (see  capsule  amnary 
P-45) ,  which  summarized  the  advances  made  in  the 
theory  up  to  1960  and  extended  Rae's  theory  (see 
capsule  stmaries  P-11  and  P-12)  to  include  the 
effects  of  lift  and  a  nonhomogeneous  atmosphere. 

Section  5  of  that  article,  which  dealt  with  the 
extension  to  an  aircraft  with  lift,  is  largely 
incorrect.  In  the  present  paper  Randall  corrects 
the  results  of  that  article  and  discusses  the 
application  of  the  theory  to  the  two  simple  cases 
of  an  elliptical  cone  at  incidence  and  a  wing-body 
combination  consisting  of  two  flat  plates  mounted 
symmetrically  on  a  circular  cone. 


In  1964  Warren  also  published  a  correction  for 
the  same  error.  His  correction  is,  basically, 
the  sane  as  Randall's,  and  the  render  is  referred 
to  capsule  simrvtry  P-45  for  the  details. 
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THE  EFFECT  OF  METEOROLOGICAL  VARIATIONS  ON  THE 
STATISTICAL  SPREAD  IN  THE  INTENSITY  OF  BANGS  AT 
LARGE  DISTANCES  FROM  THE  SOURCE 
C.H.E.  Warren 

Royal  Aircraft  Establishment  Technical  Note  No. 
Structures  334,  May  1963 

This  paper  presents  a  brief  discussion  of 
atmospheric  effects  on  the  spread  in  sonic 
boom  intensities.  The  discussion  is  based  upon 
data  obtained  in  earlier  flight  tests  conducted 
in  the  United  States  and  data  from  nigh  altitude 
explosions  conducted  in  the  United  Kingdom,  it 
is  concluded  that  the  limited  evidence  suggests 
that  meteorological  variations  within  the  atmo¬ 
sphere  can  cause  appreciable  statistical  spread 
in  the  sonic  boom  intensities  on  the  ground.  For 
a  supersonic  aircraft  flying  at  50,000  feet,  a 
statistical  spread  in  the  values  of  boom  intensity 
corresponding  to  a  standard  deviation  of  about  1.3 
should  be  expected.  This  means  that  It  of  the 
time  the  sonic  boom  intensity  will  be  greater  than 
the  mean  value  by  a  factor  of  1.85. 

In  a  later  paper  (see  capsule  sumary  P-61)  Dressier 
and  Fredholm  present  a  much  more  extensive  investi¬ 
gation  into  the  effect  of  atmospheric  variations 
on  the  statistical  spread  in  sonic  boom  intensities. 
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EFFECTS  OF  ATMOSPHERE  AND  AIRCRAFT  MOTION  0«  THE 
LOCATION  AND  INTENSITY  OF  A  SONIC  BOOH 
Manfred  P.  Friedman,  Edward  J.  Kane,  and  Armand  sigalla 
AIAA  Journal,  Vol.  1,  No.  6,  June  1963,  pp.  1327-1335 

The  problem  of  a  shock  propagating  through  *  non- 
uniform  atmosphere  is  considered  in  this  paper. 
Methods  are  derived  for  calculating  the  shock 
strength  and  location  as  a  function  of  its  initial 
configuration,  the  distance  it  has  traveled,  and 
the  atmosphere  through  which  It  has  propagated. 

This  paper  covers  essentially  the  same  material 
covered  in  an  earlier  doc  isoant  by  Kane  and 
Friedman  (see  capsule  summary  P-27) .  Die  reader 
is  referred  to  that  capsule  summary  for  details 
of  this  theory. 
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ATMOSPHERIC  EFFECTS  ON  SONIC-BOOM  PRESSURE  SIGNATURES 

Domenic  J.  Maglieri  and  Tony  L.  Parrott 

Sound,  Vol.  2,  No.  4,  July-Auguft  1963,  pp.  11-14 

Flight  test  results  which  shew  the  effect  of 
atmospheric  conditions  on  the  sonic  boom  pres¬ 
sure  signature  are  presented  in  this  paper.  These 
results  deal  with  steady  level  flight  only. 

Sonic  boom  ground-pressure  signatures  were  obtained 
for  a  wide  variety  of  temperatures  and  wind  pro¬ 
files  in  the  lower  atmosphere.  The  results  indi¬ 
cate  a  strong  correlation  between  the  peak  over¬ 
pressure,  the  type  of  signature  measured,  and  the 
existing  temperature  profile  in  the  lower  atmos¬ 
phere.  Consistent  N-wave  types  of  signatures  and 
peak  overpressure  values  were  measured  for  a 


morning  flight  when  tile  lower  atmosphere  was 
quiescent,  whereas  relatively  large  variations 
occurred  for  an  afternoon  flight  when  the  lower 
atmosphere  was  judged  to  be  unstable,  as  shown 
in  the  figure  below,  which  was  taken  from  this 
paper.  The  gross  shapes  and  location  of  the  wave- 
front  ground-intersection  patterns  compare  fairly 
well  with  calculations  made  assuming  a  homogeneous 
atmosphere,  although  some  local  variations  or 
ripples  were  observed. 


Momum  fight  Rcfsnct  Afternoon  fight 


Ground  Trick  Signgmm  for  M  *  1.9  at  Altitude  of  Si, 000  Feel 

In  a  later  paper  (see  capsule  summary  P-36)  the 
results  of  these  same  flight  tests  are  discussed 
in  much  more  dep*h. 

This  was  one  of  the  first  experimental  investi¬ 
gations  into  the  effect  of  the  atmosphere  on 
sonic  boom  pressure  signatures. 

p-35 

A  STUDY  OF  ATMOSPHERIC  EFFECTS  ON  SONIC  BOOMS 

Manfred  P.  Friedman 

MIT  Technical  Report  89,  December  1963. 

A  computer  program  is  presented  in  this  paper 
which  implements  the  non-uniform  atmosphere 
propagation  theory  derived  in  an  earlier  paper 
(see  capsule  stannary  P-33) .  A  reproduction  of 
the  earlier  paper  is  contained  in  the  appendix. 

The  "Sonic  Boom  Computer  Program"  uses  the 
following  input  data: 

1)  Aircraft  parameters  such  as  altitude,  Kach 
number,  aircraft  length  and  weight,  accelera¬ 
tion  rate,  and  volume  and  lift  factors. 

2)  Atmospheric  temperature,  pressure,  and  winds 
between  the  ground  and  the  aircraft,  and 
the  shock-ground  reflection  factor. 

3)  The  initial  ray  directions,  specified  by 
giving  those  angles  for  which  computations 
are  desired,  measured  around  the  flight 
direction.  This  input  is  necessary  because 
uhe  analysis  is  based  on  ray  tube  concepts, 
i.e.,  a  small  segment  of  shock  is  considered 
to  be  propagating  down  a  ray  tube  and  its 
strength  and  location  are  determined  along 
the  ray  path  until  it  strikes  the  ground. 

The  computer  output  gives: 

1)  A  listing  of  pertinent,  input  data. 


2)  The  strength  and  location  of  the  sHock 
corresponding  to  a  selected  input  angle  at 
intermediate  computed  points  between  the 
aircraft  and  the  ground. 

3)  The  location  and  strength  of  the  shock  at 
the  shock-ground  intersection. 

This  computer  program  has  become  outdated  since 
the  introduction  of  Hayes'  computer  program  (see 
capsule  summary  P-98) . 
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LATERAL-SPREAD  SONIC-BOOM  GROUND-PRESSURE  MEASUREMENTS 
FROM  AIRPLANES  AT  ALTITUDES  TO  75,000  FEET  AND  AT 
MACH  NUMBERS  TO  2.0 

Dcoenic  J.  Maglieri,  Tony  L.  Parrott,  David  A.  N'lton, 
and  William  L.  Copeland 
NASA  TN  D-2021,  1963 

This  paper  presents  measurements  of  overpressures 
and  shock  arrival  times  for  both  fighter  and 
bomber  airplanes  in  the  Mach  number  range  1.1  to 
2.0  and  for  altitudes  from  10,000  to  75,000  feet 
for  measuring  stations  both  on  the  flight  track 
and  at  lateral  distances  out  to  about  20  miles. 

The  following  conclusions  were  reached  as  a 
result  of  these  measurements: 

1)  Although  some  scatter  was  noted  in  the  data 
at  large  lateral  distances,  measured  over¬ 
pressures  for  both  the  fighter  and  bomber  wore 
maximum  under  the  flight  path,  and  decreased 
generally  with  increasing  lateral  distance. 

A  comparison  with  volune  theory  calculations 
indicated  that  the  fighter  airplane  data  were 
in  good  agreement  with  the  theory  in  the 
vicinity  of  the  flight  track  and,  as  predicted 
by  theory,  decreased  in  magnitude  with  in¬ 
creasing  lateral  distance.  For  the  bomber, 
the  measured  data  on  the  track  were  markedly 
higher  than  the  values  calculated  by  volume 
theory  but  drop  off  in  magnitude  with  increas¬ 
ing  lateral  distance  at  a  relatively  faster 
rate  than  the  calculated  values.  It  is  con¬ 
cluded  that  these  results  point  up  the  fact 
that  the  lift  effects  are  more  sigr.ficiant  for 
the  bomber  than  for  the  fighter  and  that  the 
lift  effects  are  most  significant  at  locations 
along  and  near  the  ground  track. 

The  data  were  not  detailed  enough  to  properly 
define  the  lateral  cut  off  experimentally.  The 
results  are,  however,  in  general  agreement  with 
those  predicted  by  theory  on  the  basis  of 
atmospheric  refraction  (see  capsule  summary  P-21). 
The  limited  data  available  do  not  indicate  a 
sudden  decrease  in  the  pressures  near  the  cut-off 
point  as  suggested  by  theory. 

2)  The  atmospheric  effects  were  found ‘to  cause 
an  increase  in  the  angles  of  incidence  of  the 
shock  \ ive*  at  the  ground  and  relatively  small 
ripple*  _n  the  wave  fronts.  Ho  large  distor¬ 
tions  of  the  wave  front  were  detected, 

3)  Grot  u  reflection  factors  on  the  airplane 
ground  track  varied  between  1.8  and  2.0, 
whereas  at  extreiw  lateral  distances  there 
was  evidence  that  the  reflection  factor  de¬ 
creased  to  a  value  approachi-g  1,0. 


Although  considerable  scatter  existed  in  the 
data,  tiie  rise  times  ounerally  increased  as 
use  a  up  lane  altitude  increased. 

in  an  ear.ier  pap-er  (3ee  capsule  summary  P-34) 
.'ij.iiicri  ana  Parrott  discussed  the  atmospheric 
effects  on  the  pressure  signatures  measured 
dating  these  same  flight  tests.  The  main  con¬ 
clusion  was  that  consistent  N-wave  types  of 
signatures  and  peak  overpressure  values  were 
ireasored  when  the  lower  atmosphere  was  quiescent, 
whereas  relatively  large  variations  in  signature 
shape  occurred  when  the  lower  atmosphere  was 
judged  to  be  unstable. 

Ir.is  it  a  significant  paper  because  it  presents 
an  m-depth  discussion  of  the  results  of  one  of 
the  first-flight  test  investigations  to  be 
conducted  with  the  purpose  of  determining  atmos¬ 
pheric  effects  on  the  sonic  boom  pressure  signature. 


-  HE  EFFECTS  OF  FLIGHT  PATH  AND  ATMOSPHERIC  VARIATIONS 
’.HE  BOCK  propagated  from  a  supersonic  aircraft 
Raymond  L.  Barger 
NASA  TP,  R-191,  February  1964 

The  effects  of  flight  maneuvers  and  atmospheric 
/ariations  on  the  propagation  of  sonic  booms 
are  analyzed  in  this  paper.  The  theory  of  geo¬ 
metric  acoustics  (see  capsule  summaries  P-1, 
r-a,  or  P-10)  is  used  to  derive  equations  for 
the  shock  wave  envelope  and  cusp  11ns  associated 
with  the  boom  propagated  from  a  superson. c  air¬ 
craft  flying  in  a  uniform  atmosphere  and  also 
in  an  atmosphere  with  a  linear  sound  sp  ■>< 
gradient.  The  theory  of  geometric  acoustic  . 
also  used  to  derive  a  general  expression  fo„  the 
cay  tube  area  in  an  atmosphere  in  which  the 
temperature  and  winds  are  stratified  and  only 
head  winds  or  tail  winds  (not  crosswinds)  exist. 
This  expression  is  then  used  to  calculate  the 
lateral  distribution  of  boom  intensity.  The 
relative  importance  of  wind  and  temperature 
effects  is  then  treated,  and  the  mechanisms  of 
focusing  by  winds  and  by  ground  structures  are 
discussed  qualitatively. 

The  following  conclusions  were  reached  as  a 
result  of  this  analytical  Investigation: 

1.  At  the  altitudes  and  Mach  numbers  of  interest 
ir.  connection  with  flights  of  a  supersonic 
transport  at  or  near  cruise  conditions,  super¬ 
boom  effects  due  to  acceleration,  turns,  or 
atmospheric  refraction  should  be  negligible. 
However,  in  the  low  supersonic  range,  all  of 
these  effects,  in  addition  to  that  of  changing 
altitude,  may  influence  the  boom  Intensity. 

2.  The  wind  be cones  relatively  more  important 
in  refracting  the  ground-track  rays  as 

the  Mach  number  increases,  Focusing  of  ground- 
track  rays  (which  are  initially  parallel)  can 
be  caused  by  the  temperature  gradient,  or  by 
a  combination  of  wind  and  temperature  gradients 

3.  Cusp  points  off  the  ground  track  cannot  bs 
caused  by  a  linear  sound-speed  gradient,  but 
when  the  combination  of  flight  altitude  and 
Hach  number  is  such  that  the  ground  pattern 
is  relstlvley  narrow,  then  i*  is  possible 
that  the  intensity  off  the  flight  track  will 


be  greater  than  on  it.  Focusing  of  slightly 
inclined  rays  at  a  considerable  distance 
from  the  flight  track  can  occur  in  the  pre¬ 
sence  of  a  strong  wind  gradient. 

4.  Focusing  may  also  occur  as  a  result  of  reflec¬ 
tion  from  certain  forms  of  terrain  or  ground 
structures. 

In  related  previous  papers  Rao  (see  capsule  sum¬ 
maries  P-11  and  P-12)  made  an  analysis  cased  on 
geometrical  acoustics  for  a  uniform  atmosphere 
of  the  conditions  for  focusing  resulting  from 
aircraft  acceleration  or  turning  maneuvers,  to¬ 
gether  with  an  estimate  of  tha  intensity  of  the 
boom  at  the  focal  points.  However,  the  present 
paper  discusses  not  only  the  conditions  for 
cusp  formation  but  also  the  actual  spatial  dis¬ 
tribution  of  tl  a  cusp  line  and  the  derivation  of 
the  parametric  equations  for  this  line.  Randall 
(see  capsule  summary  P-21)  studied  the  effects 
of  a  linear  sound  speed  variation  with  altitude 
and  Friedman  (see  capsule  summary  P-27)  in¬ 
cluded  the  effects  of  both  sound-speed  variations 
and  wind  gradients.  Lansing  (see  capsule  summary 
P-24)  dealt  with  the  manner  in  which  flight 
maneuvers  produce  cusps  and  focal  points  in 
the  ground  shock  pa  c  tern,  and  Maglieri  and 
Lansing  (see  capsule  summary  P-30)  presented 
flight  test  results  which  tested  the  effects  of 
aircraft  maneuvers  on  the  sonic  boom  intensity. 
This  paper  brings  together  and  expands  upon  many 
of  the  results  of  these  previous  papers. 

P-38 

SONIC  BOOMS  FROM  AIRCRAFT  IN  MANEUVERS 
Domenic  J.  Maglieri  and  Donald  L.  Lansing 
NASA  TN  £>-2370,  July  1964 

The  results  of  flight  tests  conducted  to  check 
the  accuracy  of  sonic  boom  propagation  theory 
in  predicting  the  effects  of  flight  maneuvers 
are  presented  in  this  paper.  The  maneuvers  con¬ 
ducted  in  this  test  included  linear  acceleration 
and  lateral  accelerations  in  which  the  aircraft 
was  flown  in  constant -speed  circular  turns.  In 
each  case  an  array  of  measuring  instruments  was 
located  at  strategic  points  on  the  ground. 

This  report  is  exactly  the  same  as  an  article 
which  appeared  earlier  in  "Sound " .  The  reader 
is  referred  to  capsule  summary  P-30,  which  des¬ 
cribes  that  paper,  for  further  details  of  this 
investigation. 

P-39 

ATMOSPHERIC  SCATTERING  Cf  SONIC  BCCM  INTENSITIES 
Robert  F.  Dressier  ar.d  Nils  Fredholm 
ICAS  Paper  No.  €4-583,  Aug.  1964 

The  prediction  of  the  magnitudes  and  frequencies 
of  the  scattor  about  average  values  for  sonic 
boom  intensities  at  ground  level  caused  by  vari¬ 
able  atmospheric  temperature  and  wind  conditions 
is  dealt  with  in  this  paper.  The  first  two- 
thirds  of  the  paper  is  the  same  as  an  earlier 
report  by  Dressier  (see  capsule  svmwary  P-44) . 
This  portion  of  the  paper  shows  that  the  exact 
formulation  of  geometric  acoustics  which  dis¬ 
tinguishes  betwee  wave  normals  and  rays  should 
be  used  in  sonic  boom  calculations,  rather  than 
the  Rayleigh  approximation,  which  makes  no  such 
distinction.  It  is  also  shown  that,  for  an  at- 
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otospheric  node!  in  which  the  wind  and  tei^sera- 
ture  increase  linearly  with  altitude ,  the  over¬ 
pressure  magnification  factor  due  to  winds 
varies  from  a  peak  value  of  0.91  for  tailwinds 
to  a  peak  value  of  2.21  for  headwinds.  The 
reader  is  referred  to  capsule  auemary  P-44  for 
further  details  of  this  work. 

The  final  portion  of  the  paper  deals  with  the 
scatter  produced  by  a  “realistic”  "global”  at¬ 
mospheric  model  for  temperature  and  winds. 

After  describing  this  atmosphere  in  detail,  the 
specific  case  of  Mach  number  equal  to  2.2  and 
altitude  equal  to  50,00c  feet  is  chosen  and 
results  are  obtained  for  the  scatter  in  over¬ 
pressure  and  scatter  in  the  points  on  the  sonic 
b-'om  ground  carpet  where  the  peak  overpressure 
occurs.  The  results  for  the  ground  distance 
fren  flight  path  to  the  line  of  maximum  inten¬ 
sity  show  a  normal  distribution  in  the  prob¬ 
ability  density  curve  between  0  and  10,000  feet, 
but  the  remaining  20%  of  the  cases  lie  stretched 
over  a  wide  interval  from  45,000  feet  up  to 
about  100,000  feet.  Thus  20%  of  the  boom  peaks 
strike  outside  a  band  about  17  miles  wide  beneath 
tiie  airplane. 

This  paper,  along  with  the  previous  paper  by 
Dressier  (see  capsule  summary  P-44),  was  the  first 
to  treat  in  a  statistical  manner  the  scattering 
of  sonic  boom  intensities  due  to  winds.  The 
overpressure  magnification  investigated  here  was 
not  the  "spiking”  or  "rounding"  effect  caused  by 
turbulence,  but  rather  the  change  in  shock 
strength  due  to  a  change  in  ray  tube  area.  How¬ 
ever,  the  ray  tube  relationship  used  to  account 
for  overpressure  increases  is  somewhat  inac¬ 
curate.  The  energy  conservation  approach  used 
in  this  paper  leads  to  the  conclusion  that  over¬ 
pressure  is  proportional  to  the  ray  tube  area. 

Tc’vs  method  somewhat  overestimates  overpressures 
because  it  does  not  take  into  account  the  aging 
of  the  pressure  signature  or  lateral  spreading 
of  the  energy. 

P-40 

A  NOTE  ON  THE  PROPAGATION  OF  SOUND  RAYS  IN  A  MOVING 

MEDIUM 

George  H.  Gilbert 

Journal  of  Applied  Meteorology,  Voi.  3,  August  1964, 

pp.  484-485 

Snell's  law  for  the  propagation  of  sound  rays 
ir.  a  stratified  medium  is  often  assumed  to  take 
the  following  form  (see  capsule  summaries  P-7, 
P-16,  and  P-26,  for  example): 

V  sec  8  *  u  =  Const 

where  V  =  speed  of  sound 

9  *  inclination  of  sound  ray  to  horizontal 

and  u  =*  component  of  wi^d  velocity  in  direc¬ 
tion  of  propagation 

The  horizontal  distance  traveled  by  the  sound 
ray  is  then  usually  obtained  by  evaluating 

x  “  /  cot  $  dr 

where  *  «  altitude 

The  purpose  of  this  note  is  to  indicate  th«  as¬ 
sumptions  underlying  these  equat'on*  and  lh* 
extent  to  which  they  are  valid. 


In  the  correct  Snell's  law  for  a  stratified 
moving  medium  the  correct  angle  to  use  is  the 
inclination  of  the  wave- front  normal  to  the 
hori rental .  The  use  of  the  first  relationship 
therefore  assumes  that  the  direction  of  ray  is 
a  good  approximation  to  the  wave-front  normal. 

The  relationship  between  the  wave  normal  in¬ 
clination  angle  #  and  the  ray  inclination  angle 
8  is  given  by 

cot 8  “  cot#  +  |  cosec  # 

Thus  the  use  of  the  approximate  relationship  for 
the  horizontal  distance  of  travel  by  the  ray 
assumes  that  the  contribution  due  to  the  trans¬ 
lational  effect  of  the  wind  may  be  neglected  in 
comparison  to  the  contribution  due  to  refrac¬ 
tion. 

The  validity  of  both  of  the  assumptions  depends 
upon  the  magnitude  of  the  winds  and  the  initial 
inclination  angle  of  tKe  ray.  However,  in  most 
cares  the  approximation  does  not  lead  to  sig¬ 
nificant  errors. 

P-41 

THE  PROPAGATION  OF  SONIC  BANGS  IN  A  NONHOMOCEiroUS 

STILL  ATMOSPHERE 

C.  H.  E.  Warren 

I CAS  Paper  No.  64-547,  August  1964 

The  propagation  of  sonic  boons  in  an  atmosphere 
wheze  the  temperature  varies  with  altitude  but 
which  has  no  winds  is  studied  in  this  paper. 
Snell's  law  is  used  to  derive  the  ray  equations 
in  such  an  atmosphere.  The  effects  of  aircraft 
acceleration  are  included  in  the  derivation.  The 
ray  equations  are  then  used  to  investigate  the 
conditions  of  grazing,  where  a  refracted  ray 
becomes  horizontal  at  ground  level,  ar.d  focusing, 
which  occurs  when  adjacent  rays  intersect. 
Equations  are  derived  which  give  the  locus  of 
ground  points  at  which  grazing  or  focusing  occur. 

The  extension  of  Mhithms's  results  for  the  bow 
shock  overpressure  (see  capsule  s  rosary  0-3)  to 
an  atmosphere  in  which  the  temperature,  pressure, 
and  density  vary  with  altitude  is  then  briefly 
discussed.  The  only  modifications  made  are  the 
replacement  of  ambient  pressure  S>m  by  a  geometric 
mean  pressure  ^  FaPg ,  where  Pa  and  P;J  are  respec¬ 
tively  the  ambient  air  pressures  at  altitude  end 
at  ground  level;  and  the  use  of  the  distance  along 
the  ray  instead  of  the  perpendicular  distance 
from  the  flight  path. 

Finally,  the  effects  of  ground  reflections,  as 
exemplified  by  the  reflection  factor  X  ,  and  the 
effects  of  aircraft  shape  and  lift  arertouche<J 
upon. 

In  an  earlier  paper  warren  and  Randall  (see  cap¬ 
sule  summary  P -45;  extended  Rao's  theory  concern¬ 
ing  the  sonic  bouta  of  an  accelerating  airplane 
(see  capsule  summary  P-11)  to  include  the  effects 
of  lift  and  an  atmosphere  in  which  the  temperature 
decreased  linearly  with  altitude.  However,  the 
topics  of  gracing  and  focusing  were  not  dealt 
with  in  that  neper. 

This  is  a  good  brief  treatment  of  the  effects 
of  an  atmespher ic  temperature  gr*di*nt  on  sonic 
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uoom  jnt.pij.tt ion,  but  the  neglect  of  the  effects 
of  winds  limits  the  usefulness  of  the  theory 
developed  here. 

F-4J 

MET!:  JKorxjG ICAL  ASPECTS  OF  THE  SONIC  BOOH 
Edv ird  J.  Kane  and  Thomas  ¥.  Palmer 
FAA  SSDS  Seport  :lo.  RD-64-160,  Septe^aer  1964 
(Available  from  DDC  as  AD-610463) 

The  effects  of  varying  meteorological  conditions 
on  the  intensity  and  spread  of  the  sonic  boo*  are 
investigated  in  this  report.  This  is  accomplished 
by  constructing  several  stratified  atmospheric 
models  and  comparing  sonic  boom  calculations  in 
these  atmospheres  with  results  in  the  U.  s. 
Standard  Atmosphere,  1962.  In  conjtsictior.  with 
the  Standard  Atmosphere,  an  atmospheric  correc¬ 
tion  factor,  Ka,  is  derived.  This  factor  corrects 
the  magnitude  of  the  bow  shock  overpressure 
giver,  by  Whitham's  asymptotic  formula  (see  cap¬ 
sule  summary  G-3)  to  account  for  the  non-uniform 
atmosj^icre  effects. 

Thus  the  corrected  bow  shock  overpressure  is 
giver,  by  P  *  KA  Pwhitham-  ^a  is  *  function  of 
the  ambient  atmospheric  pressure,  temperature, 
airplane  Mach  nunber,  and  height  above  the 
ground.  The  variation  of  this  factor  was  cal¬ 
culated  by  the  method  giver,  in  capsule  summary 
P-33,  and  is  shown  in  the  figure  below,  for  the 
ground  located  at  sea  level. 


Atmospheric  Correction  Factor  ft*  V.S.  Standard  Aimotfh m.  /vft’ 


It  i3  found  in  this  study  that  the  influence  of 
wind  and  temperature  variation  from  standard  con¬ 
ditions  i3  primarily  a  function  of  Mach  nsafcer, 
while  the  influence  of  pressure  variation  is 
independent  of  Mach  number.  It  is  also  determined 
that  for  flight  at  Mach  numbers  above  1.3  the 
largest  influence  of  varying  the  meteorological 
conditions  from  those  in  the  Standard  Atmosphere 
is  a  change  in  the  sonic  boom  overpressure  of 
about  5  percent,  flight  at  Hat*  n ushers  below 
1.3  may  result  in  more  significant  variations. 

The  meteroological  conditions  required  to  produce 
focusing,  complete  cutoff,  extreme  lateral 
spread,  and  deformation  of  the  pressure  signa¬ 
ture  are  investigated  and  methods  for  predicting 
the  occurrence  of  these  conditions  are  established. 


It  is  found  that  realistic  variations  in  tempera¬ 
ture  and  winds  can  produce  focusing  or  complete 
cutoff  for  flight  at  Mach  numbers  below  1,3. 

Focusing  will  occur  simultaneously  with  cutoff 
where  the  shock  waves  are  normal  to  the  ground, 
and  the  normal  doubling  of  the  overpressure  due 
to  oblique  shock  wave  reflections  will  not  occur 
in  this  region.  Extreme  lateral  spread  and  defor¬ 
mation  of  the  pressure  wave  due  to  interactions 
with  turbulence  may  occur  at  all  Mai*  nw*ers. 

The  former  will  not  occur,  however,  for  flight  at 
altitudes  above  those  where  the  maximum  winds 
exist,  regardless  of  the  Mach  jionber. 

A  number  of  comparisons  are  made  with  flight  test 
data  obtained  during  the  Oklahoma  City  flight 
test  series.  Predicted  and  measured  pressure  wave 
signatures  are  compared  for  ear*  test  airplane.  It 
is  generally  found  that  the  pressure  rise,  length, 
and  slope  of  the  expansion  region  between  the 
shocks  of  the"  measured  wave  agree  closely  with 
the  predicted  wave.  It  is  stressed  that  when 
comparing  experiment  with  theory  it  is  necessary 
tp  compare  the  entire  pressure  signatures,  rather 
than  just  the  magnitude  of  the  bow  shock  over¬ 
pressure. 

The  presence  of  turbulence  near  the  ground  results 
in  the  deformation  of  the  incoming  pressure 
signature,  and  some  of  these  deformed  signatures 
are  analyzed.  A  statistical  analysis  of  these 
data  indicates  that  the  important  scattering  para¬ 
meters  are  the  angle  of  the  path  of  the  shock  wave 
and  the  time  cf  day  as  related  to  the  turbulent 
intensity  near  the  ground. 

The  theoretical  basis  of  this  report  is,  basically, 
that  developed  in  capsule  summaries  P-27,  P-33,  and 
P-35.  Numerous  simplified  equations  are  dsrivad 
throughout  this  report  expressing  various  atmos¬ 
pheric  effects  on  sonic  boom  propagation,  and  nearly 
all  of  these  derivations  proceed  from  the  basic 
theory  developed  in  the  above-mentioned  capsule 
sums  Aries. 

This  report  «?3  the  most  extensive  written  up  to 
19C4  concerning  the  effects  of  a  nonuniform 
atmosphere  on  the  propagation  and  intensity  of 
sonic  booms.  The  atmospheric  correction  factor 
K/t  developed  here  gained  subsequent  widespread 
use.  It  nut  be  remednered,  however,  that  the 
factor  K*  is  only  applicable  to  the  pressure 
signature  after  it  has  reached  its  asymptotic 
fora  and  is  governed  by  Whitham's  asymptotic 
equation  (see  capsule  summary  G-3) . 

A  summary  of  the  work  of  the  present  paper  is 
presented  in  a  later  paper  by  Kane  (see  capsule 
summary  P-74) . 

P-43 

APPLICATION  OF  ACOUSTIC  THEORY  TO  PREDICTION  OF 

SONIC  BOOK  GROUND  FATTERNS  FROM  MANEUVERING  AIRCRAFT 

Donald  L.  Lansing 

NASA  TND-1960,  October  1964 

The  purpose  of  this  paper  is  to  discuss  two 
methods  for  determining  the  ground  shock  wave 
patterns  produced  by  a  maneuvering  aircraft,  based 
upon  the  acoustic  theory  of  the  propagation  of 
weak  disturbances  in  an  atmosphere  having  a 
linearly  decreasing  sound  speed.  This  paper  makes 
considerable  use  of  the  results  of  Randall  (see 
capsule  summary  P-21). 
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The  ray  equations  are  derived  first,  beginning 
with  Fermat's  "Principle  of  Least  Tine,"  which 
states  that  the  path  taken  by  a  disturbance  travel¬ 
ing  between  two  points  in  an  inhomageneous  atmos¬ 
phere  is  the  one  which  requires  the  least  time. 

The  equations  for  the  ray  path  and  the  time  required 
for  the  shock  to  reach  a  given  point  on  the  ray  are 
used  to  investigate  the  ground  patterns  of  the  shock 
waves  produced  in  both  level  and  inclined  tlight. 
This  results  in  a  graphical  procedure  involving 
ray  tracing  which  gives  some  physical  insight 
into  the  manner  in  which  the  ground  patterns  are 
formed. 

A  ballistic  wave  approach,  in  which  the  sain  point 
of  interest  is  the  wave  fronts  rather  than  the 
rays,  is  then  described.  In  this  approach  a  set 
of  parametric  equations  is  obtained  which  describes 
the  entire  shock  wave.  This  set  of  equations  is 
then  used  to  determine  the  equations  describing 
the  coordinates  of  the  ground  intersection  patten 
and  a  vertical  cross  section  of  the  shock  wave 
when  the  flight  path  lies  in  a  vertical  plane, 
from  these  equations  several  examples  are  worked 
out  to  show  the  effects  that  typical  flight  maneu¬ 
vers  may  have  upon  the  ground  shock  patterns. 

This  paper  is  very  similar  to  an  earlier  paper  by 
Lansing  (see  capsule  summary  P-24),  except  that  the 
ray  theory  method  was  not  discussed  in  chat  paper. 
The  reader  is  referred  to  capsule  summary  P-24 
for  further  details  of  the  work  of  the  present  paper 

This  paper  presents  not  only  a  good  oathematical 
derivation  of  the  effects  of  aircraft  maneuvers  on 
sonic  boom  ground  patterns  but  also  a  good  physical 
explanation  of  these  effects. 

P-44 

SCKIC  BOCK  WAVES  IN  STRONG  WINDS 

Robert  F.  Dressier 

FFA  Report  97,  1964. 

This  paper  treats  the  propagation  of  sonic  boons 
in  an  atmosphere  in  which  the  wind  velocity  is 
increasing  linearly  with  altitude  and  has  the 
same  direction  at  all  altitudes,  and  the  temper¬ 
ature  varies  linearly  with  altitude.  The  theory 
oi  geometric  acoustics  (see  capsule  summaries  P-1, 
R-8,  and  P-10,  for  example)  is  briefly  reviewed 
and  is  used  to  snow  that  when  wind  velocities  are 
large  and  wavefront  directions  are  obliquely  in¬ 
clined  to  the  wind,  the  direction*  of  rays  and 
wave  normals  will  diverge  considerably  and  a 
careful  distinction  must  be  made  between  the  two. 
Reed  and  Adams  failed  to  make  this  distinction 
(see  capsule  summary  P-26) ,  and  much  of  the 
remainder  of  the  present  report  is  devoted  to 
comparing  the  incorrect  results  of  Reed  and  Adams 
with  the  correct  results  obtained  in  the  present 
paper  by  use  of  the  correct  form  of  Snell's  law. 

(The  approximation  to  Snell's  law  made  by  Reed 
and  Adams  used  the  ray  direction  instead  of  the 
wave  normal  direction,  whereas  no  such  approx¬ 
imation  was  made  in  the  present  paper) .  For  a 
crosswind  and  a  tailwind  inclined  at  45*  to  the 
flight  path,  the  calculations  of  Reed  and  Adams 
showed  a  focusing  effect  at  the  lateral  extremity 
of  the  shock-ground  intersection  on  the  down¬ 
wind  side  of  the  ground  track.  The  results  of 
the  present  paper,  howevqr,  do  not  predict  any 
focusing  or  strong  magnifications  for  these  cases. 
They  do  predict  a  much  larger  lateral  spread. 


The  peak  value  for  overpressure  magni f ication 
is  then  calculated  for  each  of  five  wind  direc¬ 
tions  assuming  the  airplane  model  and  Mach 
number  are  held  fixed.  The  results  range  from 
about  0.91  for  the  tailwind,  1,00  for  the  cross- 
wind,  to  2.21  for  the  headwind,  it  is  then  shown 
that,  when  the  angle  of  incidence  between  the 
shock  wave  and  the  ground  is  taken  into  consid¬ 
eration,  the  peak  energy  intensity  which  is 
delivered  to  the  horizontal  ground  area  is  the 
same  for  all  five  wind  directions.  In  conjunction 
with  this  result  it  is  suggested  that  more 
attention  should  be  given  to  measurements  of 
approach  angles  for  sonic  booms  as  well  as  over¬ 
pressure  measurements  for  the  evaluation  of  sonic- 
boom  damage. 

Dressier  developed  a  computer  program:  which  uses 
the  correct  form  of  Snell's  low  in  conjunction 
with  an  atmospheric  model  in  which  the  temperature 
and  winds  are  horizontally  Stratified.  No  details 
of  the  program  are  given  in  this  paper,  however. 

The  theoretical  method  used  in  this  paper  to  take 
account  of  the  effects  of  temperature  and  wind 
gradients  on  sonic  boom  propagation  is  similar  to 
that  developed  earlier  by  Friedman  (see  capsule 
suBEsary  P-27) .  However  Friedman's  treatment  of 
the  subject  is  much  more  extensive,  and  Friedman, 
in  addition  to  developing  a  theory  based  on 
geometric  acoustics,  also  developed  an  improved 
theory  based  upon  the  use  of  more  exact  shock 
propagation  speeds.  Furthermore,  the  overpressure 
calculations  in  the  present  paper  use  an  energy 
conservation  approach  which  leads  to  the  over¬ 
pressure  being  proportional  to  the  ray  tube  area. 
This  method  somewhat  overestimates  overpressure 
because  it  does  not  taka  into  account  the  agirq 
of  the  pressure  signature  or  lateral  spreading 
of  the  energy. 
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THE  THEORY  OF  SONIC  BANGS 

C.  H.  E.  Warren  and  D.  G.  Randall 

Prog.  Aeronautical  Sci.,  Vol.  1,  1961,  pp.  238-274 

and  Prog.  Aeronautical  sci.,  Vol.  5,  1964, 

pp.  295-302 

This  paper  reviews  Rso's  theory  (see  capsule  sum¬ 
mary  P-11)  concerning  the  sonic  boon  of  or.  acceler¬ 
ating  airplane  and  extends  it  to  include  the  effects 
of  lift  and  a  nonhooogensous  atmosphere. 

The  complete  derivation,  as  performed  by  Rao  for 
the  overpressure  of  an  accelerating  airplane  with 
negligible  lift  in  a  homogeneous  atmosphere,  is 
presented.  The  extension  to  an  aircraft  with  lift 
is  then  made.  However,  in  making  this  extension 
it  is  erroneously  assumed  that  the  strength  of 
a  transient  doublet  at  any  point  on  the  flight 
path  is  proportional  to  the  lift  on  the  cross- 
section  of  the  aircraft  momentarily  at  that  point. 
Thus  in  1964  Warren  published  a  complete  cor¬ 
rection  to  this  section  of  the  paper  (3«e  second 
reference  listed  above) .  The  inportant  result  of 
the  corrected  section  is  the  derivation  of  the 
expression  for  the  F-function  of  an  accelerating 
lifting  aircraft. 

This  expression  for  she  F-function  can  be  sub¬ 
stituted  into  the  expression  derived  Dy  Rao 
(see  capsule  svwjsary  p-ll)  to  obtain  the  over¬ 
pressure.  An  expression  is  also  -‘'tain-d  fur  toe 


improved  characteristics,  using  the  saw  technique 
;sei  by  Will  than  (see  capsule  summary  G-3)  to  cor¬ 
rect  the  linear  theory  characteristics.  The  shocks 
are  a.nertuned  fros  the  i^roved  characteristics 
and  tlse  Rankine-Hugoniot  relations,  also  in  the 
runner  of  Mh ith.es. 

It  is  then  assawd  that  the  speed  of  sound  de¬ 
creases  linearly  with  altitude,  and  the  modifica¬ 
tions  to  tlse  theory  resulting  from  jch  an  assump¬ 
tion  are  investigated.  Equations  -n  5  derived  for 
the  wavefronts  and  rays  resulting  fsrom  moving 
sources  of  disturbances  in  such  an  atmosphere. 

The  derivation  is  nearly  identical  to  that  made 
by  Randall  in  a  previous  paper  (see  capsule  suw- 
rsary  l’-2l)<  The  final  result  i*  the  modification 
of  the  expression  for  the  velocity  potential  to 
-account  for  the  inhomogeneous  atmosphere. 

This  paper  presents  a  good  summary  of  sonic 
boon  propagation  theory  as  of  1961.  However,  it 
is  important  to  note  that  this  work  deals  only 
with  the  modifications  to  the  asymptotic  form 
of  the  pressure  signature  due  to  the  effects  of 
airplane  acceleration  and  nonuniform  atmosphere. 
Thus  it  predicts  only  front  shock  overpressure 
and  not  signature  details. 
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SOUND  RAYS  IS  THE  ATMOSPHERE 
J.  Thompson 

3 .india  Corporation  Research  Report,  SC-RR -64-1756, 
January  1965 

A  system  of  ordinary  differential  equations 
describing  ray  paths  an  the  presence  of  vert¬ 
ically  varying  winds  is  derived  in  this  report. 

Some  comments  are  made  regarding  the  Rayleigh 
approximation  and  its  relationship  to  the 
equations  derived  here. 

Vhe  ray  equations  are  derived  from  the  continuity 
and  momentum  equations  of  hydrodynamics.  It  is 
assumed  that  the  sound  speel  and  wind  vary  with 
altitude.  The  derivation  is  concerned  mainly 
with  the  propagation  of  disturbances  from  ground 
level  explosions. 

Rayleigh's  approximation  to  Snell's  law  is 

c  sec  #  ♦  U  »  k 

where  c  »  sound  speed 

U  ”  horizontal  wind  speed 
k  *  constant 

and  •  *  inclination  angle  of  ray  to  horizontal. 

Thus,  in  this  approximation  the  ray  inclination 
angle  is  used  instead  of  the  more  correct  wave 
normal  angle.  In  making  this  approximation  Raylsigh 
was  treating  only  rays  which  are  almost  parallel  to 
the  wind  direction.  The  author  of  the  present  paper 
concludes  that  Rayleigh's  approximation  may  be  wed 
only  when  0  is  sscil .  Two  example  calculations  are 
then  performed  for  a  ground  explosion  which  compare 
the  ray  oaths  given  by  Rayleigh's  approximation  to 
those  giver,  by  a  sore  exact  expression  derived  from 
the  ray  equations.  In  general  the  rays  look  such 
alike  except  that  those  given  by  Rayleigh's  approx¬ 
imation  hit  the  ground  at  a  shorter  distance  from 
the  explosion. 

Rayleigh's  approximation  was  used  by  Cox,  Plegge, 
and  Reed  (see  capsule  surma ry  P-7)  to  calculate 


the  propagation  of  disturbances  from  ground 
explosions,  as  did  Cox  (see  capsule  summary  p-16) . 
However,  Reed  and  Adams  tried  to  use  this  approx¬ 
imation  to  calculate  the  propagation  of  sonic  booms 
from  airplanes  at  high  altitudes,  and,  as  a  result, 
their  results  were  incorrect  (see  capsule  summary 
P-26) . 
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A  DESCRIPTION  OF  A  COMPUTER  PROGRAM  FOR  THE  STUDY 
OF  ATMOSPHERIC  EFFECTS  ON  SONIC  BOCMS 
Manfred  P.  Friedman 
NASA  CR-157,  February  1965 

This  report  is  very  similar  to  MIT  Technical 
Report  89  (see  capsule  summary  P-3S) .  However, 
this  report  does  not  contain  the  complete  theo¬ 
retical  background  for  the  computer  program, 
while  the  previous  report  does.  Results  of  sev¬ 
eral  example  calculations  are  given,  and,  in 
addition,  the  results  of  the  previous  report  are 
extended  to  include  flight  paths  which  are  curved, 
climbing,  or  diving  (see  capsule  summary  P-51 
for  a  discussion  of  this  extension) . 

"Improved"  expressions  for  the  pressure  jump  and 
ray-tube  area,  as  compared  to  those  of  the  earlier 
report,  are  derived  and  used.  However,  as  shewn  by 
Haglund  (see  capsule  summary  P-104)  the  "improved" 
expression  for  the  ray  tube  area  gives  erroneous 
results. 

For  further  details  of  tnis  theory  the  reader  is 
referred  to  capsule  summary  P-35 . 
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COMPARISON  GF  MEASURED  AND  CALCULATED  SONIC-BOCM 
GROUND  PATTERNS  DUE  TO  SEVERAL  DIFFERENT  AIRCRAFT 
MANEUVERS 

Donald  L.  Lansing  and  Domenic  J.  Maglieri 
NASA  THD-2730,  April  1965 

In  this  paper  the  acoustic  theory  developed 
previously  by  Lansing  (see  capsule  swmary 
P-43)  is  used  to  calculate  ground  pressure 
patterns  from  aircraft  in  maneuvers  which  are 
then  compared  with  seesured  results  of  flight 
tests.  The  magnitudes  of  the  b«#  shock  over¬ 
pressures  are  calculated  using  a  modified  form 
of  Rao'a  expression  (see  capsule  simesaries  P-11 
and  P-12)  which  attempts  to  take  into  account 
the  inhomogeneity  of  the  atmosphere.  The  mod¬ 
ifications  consist  of  the  use  of  ^f«P0«  where 
Pa  is  the  pressure  at  the  altitude  where  the 
shock  was  generated  and  P0  is  the  pressure  at 
the  ground,  instead  of  P  ,  which  is  the  pressure 
in  the  indisturbed  air  in  a  homogeneous  atmos¬ 
phere,  and  the  use  of  c  and  M  as  the  speed  of 
sourvi  and  aircraft  Mach  number  at  the  altitude 
and  time  at  which  the  observed  shock  was  generated. 

The  flight  tests  were  conducted  at  Edwards  Air 
Force  Base  using  a  supersonic  fighter  (the  paper 
does  not  specify  which  fighter  was  used) ,  The 
maneuvers  conducted  included  pushover-dive -pullout, 
longitudinal  acceleration,  pullup-clisb-pushover, 
and  circular  turn  maneu'  .s.  For  each  maneuver, 
calculations  of  the  *r  ,val  time  of  the  shock 
wave  and  the  press ur  amplitude  as  a  function  of 
distance  along  the  ,.ound  are  compared  with  the 
measurements  (from  an  array  of  microphones.  The 
comparison  indicates  that  the  theoretical  method 
used  is  capable  of  predicting  the  essential  fea- 
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tares  ot'  the  ground  shock  patterns  of  aircraft 
in  :oaneuvers  at  altitudes  below  30,000  to  40,000 
feet,  at  least  when  the  sound  speed  gradient  is 
nearly  linear.  In  particular  the  theory  predicts 
the  correct  n usher  of  N -waves  which  will  occur  in 
the  vicinity  of  a  given  ground  area  and  gives 
reasonable  estimates  of  the  tiae  elapsed  between 
die  generation  of  the  boos  and  its  arrival  on 
the  ground.  In  general,  the  calculated  elapsed 
tines  are  a  few  seconds  less  than  those  measured. 

The  calculated  overpressures  either  agree  well 
vita  measurements  or  give  a  slight  overestimate 
in  those  ground  areas  which  do  not  experience 
supercools.  The  results  suggest  that  the  location 
of  supercooos  can  be  predicted  to  within  plus  or 
minus  2  to  3  rules,  provided  accurate  aircraft 
position  and  weather  data  are  available. 

An  earlier  paper  uy  Hagiteri  and  Lansing  (see 
capsule  summary  F-30)  also  used  acoustic  theory 
to  compare  calculated  and  measured  ground  pat¬ 
terns.  The  results  qualitatively  verified  the 
validity  of  using  acoustic  theory  to  predict  the 
propagation  of  son.c  boons  from  aircraft  in  man¬ 
euvers.  The  present  paper,  however,  compares 
theory  and  experiment  quantitatively  rather  than 
qualitatively. 

This  is  a  good  experimental  verification  of  the 
essential  validity  of  acoustic  theory. 
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ATNOsPHERIC  EFFECTS  Oh  SONIC- FWL«  SIGNATURES 

Docenic  J.  Maglieri  and  Harvey  H.  Hubbard 

5  Congres  International  D’Acoustique,  Liege, 

September  7-14,  1065 

Data  from  flight  testa  are  used  in  this  paper  to 
illustrate  the  nature  of  various  atmospheric 
effects  on  sonic  noon  pressure  signatures.  The 
measured  results  discussed  here  are  all  gleaned 
from  previous  experimental  investigations. 

The  effect  of  a  longitudinal  acceleration  is 
treated  first.  Cusp  formation  and  the  ground 
pressure  patterns  at  various  points  along  the 
flight  track  are  discussed.  The  overpressures 
measured  in  the  vecinity  of  the  superbooa  were 
found  to  be  as  high  as  2.5  times  those  of  the 
unsagnified  booms. 

Lateral  spread  patterns  are  then  discussed  and 
it  is  shown  that,  as  predicted  by  theory,  the 
overpressures  decrease  with  increasing  lateral 
distance  from  the  flight  path  and  drop  to  zero 
near  the  lateral  cut-off  location. 

The  effect  of  atraospheric  turbulence  or.  sonic 
coom  pressure  signatures  is  shown  to  manifest 
itself  in  either  a  "spiking"  or  a  “ rounding'  of 
the  initial  pressure  peas..  A  large  r.umoer  of 
data  points  for  a  range  of  flight  conditions 
are  then  used  to  sake  a  statistical  analysis  of 
the  variations  of  overpressure  amplitude.  This 
analysis  shows  that  a  wider  variation  sr.  ampli¬ 
tude  occurs  for  the  stations  tore  remote  ires 
the  flight  track.  The  variation  in  amplitude 
for  the  besaber  data,  which  have  markedly  logger 
wavelengths  than  those  of  the  fitpiter,  is  fo-nd 
to  be  only  slightly  less  than  shat  for  the  filter. 
Human  response  phcnotss.’.a  are  thur,  briefly  discussed. 

Kane  (see  capsule  summary  r- 42*  treated  atnoepfier : 
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effects  on  sonic  booms  in  much  more  depth  than  tlu- 
present  paper.  However,  it  does  give  a  good  brief 
overview  of  the  subject, 
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EFFECTS  OF  GROUND  REFLECTION  ON  THE  SHALES  CF  SONIC 

BANGS 

E.  J,  Walker  and  P.  E.  Doak 

Paper  No.  L55,  Presented  at  S1,  Congres  International 

D'Acoustique,  Liege,  September  7-14,  1965 

An  investigation  of  the  effects  of  ground  reflec¬ 
tion  on  the  shapes  of  sonic  booms  is  presented 
in  this  paper.  The  main  effect  is  Mown  to  be 
the  distortion  of  the  reflected  waveform  due  to 
the  presence  of  reactance  (sr  a  frequency  depend¬ 
ent  resistance)  in  the  normal  acoustic  imped¬ 
ance  of  a  partially  absorbing  surface.  Since  tn-ru 
was  practically  no  published  information  -an  tne 
values  of  the  resistive  and  reactive  r-cEii'.ne.its 
of  the  impedance  of  representative  ground  eur tact  s, 
some  measurements  were  carried  out,  using  an  im¬ 
pedance  tube,  of  the  normal  acoustic  impedance,  of 
various  ground  samples,  with  various  moisture  con¬ 
tents.  his  data  was  then  used  to  predict  the 
shapes  of  reflected  N -waves  using  a  simplified 
theory. 

The  results  showed  that  appreciable  distortion 
of  the  reflected  wave  due  to  ground  reflection 
effects  occurs  only  at  angles  near  grazing  inci¬ 
dence.  The  distortion  consists  of  a  rounding  of 
the  wave for*. 

This  is  a  significant  paper  ir.  that  this  was  the 
first  investigation  of  the  effects  of  ground 
reflection  on  sonic  boom  signature  shape. 
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A  METHOD  FOR  CALCULATING  THE  EFFECT  OF  AIRCRAFT 

MANEUVERS  ON  SONIC  BOOHS 

Charles  J.  Bartlett  and  ’-ant red  ?.  Friedman 

Journal  of  Aircraft,  Vol.  2,  So.  5,  Snptenber- 

October  1965,  pp.  353-356 

The  theory  developed  by  Friedman,  Kane,  and 
Sigalla  in  an  earlier  paper  (see  capsule  sum¬ 
mary  P-33),  which  provides  a  method  of  calcu¬ 
lating  the  propagation  of  sonic  booms  from 
aircraft  in  steady  or  accelerating  level  flight 
in  a  nonnomogeneous  atmosphere  and  takes  jcco-.nt 
of  both  wind  and  tempsracre  gradients,  is 
extended  in  this  paper  tc  include  the  effects  of 
diving  and  eliding  aircraft  or,  curved  flignt- 
paths. 

Equations  expressing  tie  ray  ancle  geometry  in 
terms  of  the  airplane  cli-b  ar.uie.  Mach  angle, 
and  initial  ray  direction  are  derived  first.  The 
effect  of  fiignt  path  curvature  or.  the  r#y 
inclination  angle  is  then  determ. ned.  Fed lowing 
this,  an  improved  expression  far  the  ray  tube 
area  is  derived,  and  the  vertical  distance  from 
the  aircraft  at  which  the  ray  tube  ar-a  goes  to 
zero  is  determined.  Finally,  an  expression  f-r 
the  shock-ground  intersection  ;»  obtained. 

Tile  results  of  the  derivation.*,  show  that  :o: 
an  accelerating,  climbing  fligr.t  patn  tr.a  effet.s 
of  a  positive  acceleration  ar.d  curvature  will 
offset  each  other.  f«r  a  Jee.-  v'at.'.., 

divinj  flight  ptt-i  t."  AoJjt:  .-*-  a-.-  vl-r  itl  ■  .in  I 
curvature  offs  r  =><*•-.  other,  V  ■  *  ■  -,l  - 


that  undesirable  focusing  effects  (sight  be 
avoided  by  fitting  aircraft  acceleration  against 
;  light  path  curvature. 

Lansing  (see  capsule  summary-  P— 43 )  used  acoustic 
theory  to  predict  the  ground  shock  patterns  re¬ 
sulting  from  maneuvering  aircraft.  However,  his 
derivation  did  not  include  the  effects  of  winds, 
white  the  present  study  does.  Furthermore,  the 
present  theory  offers  an  improvement  over  acoustic 
theory.  However,  the  error  in  the  ray  tube  area 
formula  made  in  the  earlier  paper  (see  capsule 
summary  P-33)  means  that  the  results  obtained 
here  are  not  entirely  correct. 


-  >1E  EFFECTS  OF  THE  NCK7JNIP0FH  ATMOSPHERE  OH  THE 
PROPAGATION  OF  SONIC  BOOMS 
toward  3.  Kane 

■  roceedings  of  the  Sonic  Boom  Symposium,  Journal 
of  the  Acoustical  Society  of  America,  Vol.  39, 

No.  5,  Fart  2,  November  3,  1965,  pp.  S26-S3Q 

This  paper  summarizes  the  results  of  an  earlier 
investigation  by  Kane  and  Palmer  (see  capsule 
susmary  P-42)  into  the  effects  of  a  non-homogeneous 
atmosphere  on  sonic  boom  propagation  and  compares 
them  with  flight  test  data.  The  study  was  restricted 
to  steady  level  flight  in  a  stratified,  nonhomoge- 
neous,  moving  atmosphere. 

The  results  are  separated  into:  (1)  effects  on 
overpressure  under  the  flight  path;  (2)  effects 
on  lateral  distribution  of  shock  strength;  and 
(3)  effects  on  the  location  of  lateral  cutoff. 
Generally,  it  was  found  that  shock  waves  gener¬ 
ated  by  flight  at  Mach  numbers  above  1.3  were 
relatively  unaffected  by  extreme  but  realistic 
variations  in  meteorological  properties  from 
those  in  the  U.S.  standard  Atmosphere.  However, 
shock  waves  generated  during  flight  at  Mach 
r. _scers  between  X.O  and  1.3  were  found  to  be 
quite  sensitive  to  changes  in  atmospheric 
properties,  especially  wind,  in  addition,  it 
was  found  that  for  flight  at  all  supersonic 
Hach  numbers,  winds  could  cause  extension  of 
the  overpressure  distribution  to  large  lateral 
distances  from  the  flight  track.  This  would  not 
occur  if  the  airplane  altitude  was  above  the 
altitude  of  maximum  wind  velocities.  Comparisons 
of  the  theory  with  both  high-  and  lew-altitude 
flight-test  data  showed  very  good  agreement  and 
tended  to  confirm  the  validity  of  the  approach. 

This  is  a  good  brief  summary  of  the  very  extensive 
investigation  conducted  earlier  by  Kane  and  Palmer. 
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SOKE  EFFECTS  CF  AIRPLANE  OPERATIONS  AND  THE  ATMOS¬ 
PHERE-  GN  SONIC  BOOM  SIGNATURES 
Dcmwnic  J.  Maglieri 

Proceedings  of  the  Sonic  Boom  Symposium,  Journal  of 
the  Acoustical  Society  of  America,  Vol.  39,  No.  5, 

Part  2,  Nov.  3,  1965,  pp.  S36-S42 

A  review  of  the  statu  of  knowledge  concerning 
ViO  effects  of  the  atmosphere  and  airplane 
operations  on  sonic  bocet  signatures  as  of  19£8 
is  presented  in  this  paper.  Flight  test  data 
obtained  in  previous  investigations  forms  the 
oasis  for  most'of  the  uiscussion.  The  topics 
dealt  with  are:  (15  effects  of  accelerated 
flight;  (2)  lateral  spread  patterns;  (3)  effects 


of  atmospheric  turbulence;  and  (4)  probability 
distributions  of  sonic  boom  intensities. 

The  results  showed  that  the  acceleration  and 
lateral  spread  phenomena  were  fairly  well  un¬ 
derstood  and  predictable  as  of  1966.  It  was  also 
shown  that  variations  in  the  sonic  boom  signa¬ 
ture  as  a  result  of  the  effects  of  the  atmosphere 
can  be  expected  during  routine  operations.  Very 
similar  variations  in  pressure  signatures  were 
noted  for  both  fighter  ar.d  bomber  aircraft. 

An  updated  version  of  this  paper  was  written  by 
Haglieri  in  1967.  This  later  paper  includes 
flight  test  data  from  the  XB-7Q  airplane  and  a 
discussion  of  the  effect  of  sli^it  perturbations 
of  the  aircraft  motion  from  steady,  level  flight 
on  the  sonic  boom  intensity,  it  also  presents  a 
more  extensive  treatment  of  the  topics  discussed 
in  the  present  paper.  The  reader  is  referred  to 
capsule  summary  P-75  for  further  details  of  this 
work. 
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BEHAVIOR  OF  THE  SONIC  BOOM  SHOCK  HAVE  NEAR  THE  SONIC 

CUTOFF  ALTITUDE 

Manfred  P.  Friedman  and  David  C.  Chou 

NASA  CR-3S8,  Dec.  i965 

A  detailed  description  of  the  behavior  cf  a  sonic 
boom  shock  wave  near  the  sonic  cutoff  altitude 
is  presented  in  this  paper.  The  analysis  is  based 
upon  an  atmosphere  in  which  the  speed  of  sound 
decreases  linearly  with  altitude.  It  is  assieed 
that  the  boom  was  caused  by  an  aircraft  in 
straight  horizontal  flight,  and  the  effect  of 
winds  is  neglected. 

Acoustic  theory  is  used  to  derive  the  equations 
for  the  wave  fronts  and  rays,  and  these  wave 
fronts  are  then  used  to  describe  the  flow  field. 

A  wave  front  formulation,  j.a  opposed  to  a  ray 
tube  formulation,  is  used  because  if  regions 
where  rays  approach  each  other  and  form  an 
envelope  the  ray  tube  theory  of  geometric  acous¬ 
tics  is  invalid.  For  the  present  problem,  the 
free  stream  sonic  line  is  an  envelope,  or 
caustic,  of  those  rays  leaving  the  aircraft  at 
an  angle  (  =  99*  -ft ,  where  ji  is  the  Mach  angle 
and  «  is  the  inclination  angle  of  the  ray  to  the 
horizontal .  Oblique  shock  theory  is  used  to 
evaluate  the  pressure  Jump  across  the  shock  in 
the  sonic  cutoff  region. 

The  results  of  the  analysis  show  that  the  shock 
at  first  propagates  away  from  the  aircraft  in 
such  a  manner  that  the  pressure  jissp  across  the 
shock  decrees**  a*  it  moves  outward.  Since  the 
sound  speed  increases  as  the  ground  is  approached 
the  shock  Hach  number  decreases.  Also,  due  to 
refractive  effects,  the  inclination  angle  of  the 
shock  to  the  horizontal  approaches  90  .  As  the 
shock  moves  into  the  higher  te«?erature  region 
it*  inclination  and  Mach  number  coobine  so  as  to 
cause  the  flow  behind  the  shock  to  became  sub¬ 
sonic,  this  being  determined  by  oblique  shock 
theory,  it  is  shown  that,  although  the  shook 
Mach  numoer  is  decreasing,  its  inclination  com¬ 
bines  with  the  Mach  number  so  as  to  cause  the 
pressure  juop  across  the  shock  to  increase.  This 
increase  is  caused  by  the  tendency  of  reflected 
disturbances  te  remain  in  the  vicinity  e-f  the 
shock.  Instead  of  propagating  away,  dowr.st  reach- 
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they  build  up  inducing  overpressures  of  twice 
the  order  of  these  predicted  by  the  theory  of  an 
earlier  paper  by  Friettoa,  Kune,  and  Sigalia  {see 
capsule  summary  P-33) . 

farther  down  the  shock  front  in  the  region 
Where  the  flow  behind  to#  shock  is  subsonic,  the 
overpressures  start  decreasing  again  since  the 
disturbances  behind  tee  shock  are  again  afcle  to 
^propagate  away. 

Even  farther  down  tee  shock  front  there  is  a 
region  where  compression  wave  fronts  hare 
arrived  ahead  of  the  shock.  These  fronts  are 
signals  traveling  along  rays  white  have  entered 
regions  where  the  propagation  speed  is  greater 
than  tee  aircraft  speed,  teere  is  a  definite 
limited  region,  set  by  th,.  ground  temperature 
profile  and  tee  aircraft  altitude  and  Hach  am¬ 
ber,  in  front  of  the  shock  where  these  signals 
can  reach,  the  flow  configuration,  shown  in  the 
figure  below,  which  was  taken  from  this  paper, 
is  £  steady  one,  moving  with  the  shock  at  air¬ 
craft  speed,  the  eoapression  wave  fronts,  being 
characteristic  surfaces,  fora  a  Praadtl-Keyer 
like  compression  fan  and  the  shock  ends  esbedded 
in  this  fan. 
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It  is  believed  teat  th.  ; 
the  region  of  the  cars.  i> 
aion  wave  fronts  roaaii.^ 
the  pressure  jump  across 


resjure  inures- «  across 
d  shock  plus  cfsapees- 
•  tirly  constant.  However, 
v,  --  shock  alone  decreases 


until  it  vanishes  carpi et  :-.  From  this  point 
down  the  pressure  increase  .  seooth  with  no 
ivtsps. 

iaproveaent  to  the  sowhI.  *n.ary  is  then 
presented  wftiah  is  naied  upon  vae  of  a  sore 
exact  expression  for  to#  sound  t  mzi.  This  im¬ 
provement  leads  to  corrections  i  jr  *".•  shew 
location  and  cutoff  altitude  but  t-'.vr  sat  change 
tee  general  behavior  of  th#  Bhoux  .  already 
described. 

Sons  of  the  previously  developed  s  *»••>.  p*  -  vga- 
t i or.  teeorias  C*j™  e*»y|«  -iiietit.e*-  ')*■  -  i 

P-3J,  for  'iv;;  ado-mat#  ly  des ."  o  ■•.  i.m 


behavior  as  thy  subsonic  region  behind  the  shock 
is  approached.  These  theories  do  not  use  oblique 
shock  relations.  They- consider  a  stow  propaga¬ 
ting  down  a  ray  tub#  with  tee  shoos  front  normal 
to  tee  sides  of  the  tube  and  hence  use  curaal 
shock  relations.  For  this  approach  the  condition 
of  flow  behind  th#  abates  i.e.,  uh«to#t  it  is 
subsonic  or  supersonic,  is  disregarded,  Khitham’a 
original  paper  {see  capsule  -.uimsary  0-3)  re* 
quires  supersonic  flow  everywhere,  since  teat 
theory  is  based  on  properly  locating  eh*  char¬ 
acteristics.  The  ray  tube  theorisa,  since  they 
do  oat  explicitly  consider  tee  shote  angle,  can¬ 
not  completely  describe  some  of  tee  ilan  proper¬ 
ties  obtained  by  tee  oblique  shote  approach. 

Blew  teeories  are  valid  when  the  fio--  behind 
the  shock  is  either  subsonic  or  supersonic,  but 
not  for  a  region  where  tee  flow  behind  tea  shock 
approaches  Mach  1. 

This  was  the  first  in-depth  investigation  of 
shock  wave  behavior  in  the  vicinity  of  cut-off. 

It  contains  what  appears  to  be  a  oorruet  descrip¬ 
tion  of  tee  phenomena  that  occur  below  shock  wave 
cut-off,  but  th*  estimates  of  pressure  magnitude 
are  incorrect  because  Second  order  effects  hav® 
been  ignored.  Seebas*  {see  capsule  nwg  P-145) 
has  made  an  attempt  to  describe  the  pressure 
variation  by  taking  nonlinear  effects  into  ac¬ 
count,  and  Kaglund  and  Kane  (see  capsule  rutssary 
P-162)  present  experimental  data  in  the  vicinity 
of  shock  cut-off. 
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theoretical  study  of  the  pkjpasaticii  ar  sows. 

APPLICATION  TO  ASHCIfATIOtl  OF  THE  St,  tC  Sam  PRO¬ 
DUCED  St  .SUPERSONIC  FLIGHT 

Jean-Pierre  eoiraud 

SAFA  TTF-387,  See.  1965 

This  332  page  volume  consists  of  the 
"Coarse  Sotos"  of  the  Coar,e  :<n  toro- 

dynaaics  taught  by  th#  author  at  tee  rfenri- 
PoiBc*r@  institute  i Theoretical  atetsini . 

In  these  notes  the  mathematical  theories  of 
immtics  are  spoiled  to  tee  propagation  of 
plane,  circular,  and  switidtjwnsiQMi  sound 
waves  in  homogeneous  and  intuxsogeneou .  nedia 
in  sot  ion  and  at  rest.  The  Hach  ««  train  of 
*  supersonic  aircraft  in  calm  aid  moving  air  is 
calculated  in  detail,  taking  shock  »»-«.•  propa¬ 
gation  and  sonic  0009  prediction  into  considera¬ 
tion.  The  acoustic  effect  of  tee  foMtaev  *s4 
of  various  wins)  planfersss  on  te«  vi ier.t  sit, 
mi  a  function  of  tee  laws  of  thickness  and 
•tress,  is  calculated.  The  sonic  boss  is  cal¬ 
culated,  with  allowance  owde  tor  dissipation 
pas-*aaa. 

to  stated  by  the  author,  tees#  totes  %#er*  hastily 
assembled,  with  entire  disregard  of  presentation, 
furthermore,  tee  basic  aim  of  product a  suf- 
fisiently  *tel#  document  in  as  short  a  lias  as 
possible  did  not  permit  careful  edition.  In 
spit#  of  its  shortconinus,  however,  this  it  a 
very  thorough  work  cover  me  all  *8p*ec«i  «f 
sound  propagation. 
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ATMOSPHERIC  TTirabtSTICE  teB)  THE  SOK1C  a  N 

Thomas  r.  Falser 

toeing  Compary  Document  No.  ‘  •IfrJSGTN, 
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The-  etfecfc  cf  turbulent  tesnperature  and  wind 
tie  Ids  on  the  character* sties  of  measured  sonic 
boom  signatures  is  investigated  in  this  paper. 
The  mathematical  theory  describing  the  turbu¬ 
lence  and  its  interaction  with  an  N-wave  is 
briefly  outlined. 

Bofl'.'ts  of  a  statistical  analysis  of  data  from 
the  1964  Oklahoma  City  Sonic  Boo®  tests  indicate 
that  the  occurrence  of  anomalous  overpressures 
is  a  function  of  the  low  level  wind  speed  and 
direction  and  the  vertical  temperature  lapse 
rate.  A  nomograph  developed  for  finding  the 
maximum  expected  value  of  overpressure  indi¬ 
cates  that  the  maximum  anomalous  cverpressure 
;as  well  as  minimum  values)  can  be  expected 
•-hen  tr.e  wind  speed  is  about  14  knots  and  rhe 
temperature  lapse  rate  is  twice  the  adiabatic 
lapse  rate  of  1“C/100  meters.  It  is  also  found 
that  the  overpressures  at  Oklahoma  City  as  a 
function  of  distance  and  time  are  uncorrelated. 
This  indicates  that  the  scale  of  turbulence 


"angle  property",  wnich  states  that  the  shock 
bisects  the  Mach  directions  upstream  and  down¬ 
stream  of  it. 

The  theories  of  Rao  and  Walkden  (see  capsule 
stmsraaries  P-11  and  G-6,  respectively)  concern¬ 
ing  unsteady  motion  and  the  shock  wave  pattern 
for  bodies  with  volume  and  lift,  respectively, 
are  reviewed  briefly.  The  paper  concludes  with 
some  brief  comments  on  the  effects  of  heat  con¬ 
duction  and  viscosity  on  the  shock  wave  struc¬ 
ture. 

It  is  pointed  out  by  the  author  that  most  pre¬ 
vious  theories  (see,  for  example,  capsule  sum¬ 
mary  P-35)  neglected  the  effect  of  wave  curva¬ 
ture  on  tiie  pr<.  -are  perturbation.  These  theories 
include  the  effects  of  ray  refraction,  but  the 
correction  of  the  characteristics  to  account 
for  atmospheric  Inhomogeneities  is  not  made. 

Hayes  (see  capsule  summary  P-98)  does  make  this 
correction. 


which  affected  the  sonic  boom  was  less  than  : 

T;  five  miles.  This  la  a  s_jod  brief  review  of  sonic  boom  theory  i 


In  an  earlier  paper  (see  capsule  summary  P-42) 
Sana  and  Palmer  discussed  the  theoretical  as¬ 
pects  of  1  ow  altitude  turbulence  in  much  greater 
depth  than  that  of  tills  naper.  However,  the 
analysis  of  the  Oklahoma  City  data  made  in  the 
present  paper  makes  several  points  not  made  in 
the  earlier  paper  (the  ones  discussed  in  the 
-  previous  paragraph) . 
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THE  STRUCTURE  Of  SHOCK  WAVES  AT  LARGE  DISTANCES 
FRCP  BODIES  TRAVELING  AT  HIGH  SPEEDS 
G.  I  j.ill@v 

From  Extrait  des  rapports  du  5  Congres  Inter¬ 
national  d*  Aciustiqje,  Vol.  II:  Conferences 
Gsnerales,  Liege,  1965,  pp.  109-162 


as  of  1965. 

P-58 

rONIC  BANG  INTENSITIES  IN  A  STRATIFIED,  STILL 

ATMOSPHERE 

D.  G.  Randall 

Royal  Aircraft  Establishment  Technical  :,«p,rt  No. 

66002,  Jan.  1966 

In  this  pap-r  recults  are  obtained  for  the  Bonie 
boom  intensity  of  an  airplane  in  steady,  level 
flight  in  an  atmosphere  where  the  speed  of  sound 
decreases  linearly  fro®  the  ground  to  a  certain 
altitude  and  then  stays  constant.  These  results 
are  obtained  by  a  combination  of  geometrical 
acoustics  and  a  modification  of  linear  theory 
to  take  account  of  non-linear  effects. 
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The  purpose  of  this  paper  is  tc  review  sonic 
boom  theory  as  of  1965,  with  the  emphasis  on 
the  acoustic  ’■’•or/  of  shock  propagation 
together  vifcl  correction  for  non-lir.ear 
effects.  WhithaV-j  theory  is  reviewed  first 
and  is  extended  to  allow  for  non-homogeneities 
in  the  atmosphere.  Tri  the  case  of  a  non- 
honogeneovs  atmosphere  without  wind  it  is 
shown  that  the  effect  cf  the  density  gradient 
is  to  Increase  tha  amplitude  of  the  disturbance 
by  p/p-  with  the  waveform  unchanged,  where  fi  ’ 
is  the  undisturbed  density  and  pQ  is  the  undis¬ 
turbed  density  at  the  aircraft  altituae.  For  a 
general  atmosphere  no  simple  expression  is 
found  for  the  atmospheric  amplification  factor 
and  it  is  shown  that  special  attention  needs  to 
be  taken  *o  find  the  true  curvature  of  the  wave 
and  not  only  its  change  in  slope  as  a  result 
of  wind  and  temperature  gradients. 

The  correction  "o  linear  theory  is  then  dis¬ 
cus!  ed.  This  correction  is  based  upon  Whitham's 
assumption  fsee  capsule  summary  G-3)  that  lineai 
theory  gives  .ha  correct  value  for  the  pressure 
pe-turbatlon  but  the  value  is  located  on  the 
vto,  n  characteristic.  However,  the  correction 
here  ~  n  do  for  a  non-homogeneous  atmosphere. 
The  lot  n  ,nd  inclination  of  the  shock  wave 
,r>  thi*  its.  •  phere  is  then  investigated  using 
fc".«  Rank ina*:  'wniot  shock  relations  and  the 


The  ray  equations  are  derived  from  Fermat's 
principle,  which  states  that  the  path  taken  by 
a  disturbance  traveling  between  two  poirts  in  an 
inhomogeneous  atmosphere  is  the  one  which  re¬ 
quires  the  least  time.  The  time  ak«n  for  a 
disturbance  moving  at  the  speed  of  round  to 
travel  down  the  ray  to  a  given  point  is  then 
determined . 

A  formu'a  corresponding  to  Whithorn's  equation 
for  the  asymptotic  pressure  rise  »■  to ea  the  bow 
shock  in  a  homogeneous  atmosphere  (see  capsule 
sunmiary  G-3)  is  derived  tor  a  stratified  atmos¬ 
phere.  An  application  13  then  made  to  a  repre¬ 
sentative  atmosphere.  Tne  results  show  that  the 
non-homogeneity  thw  atmosphere  has  two 
effects  on  the  sonic  bo*>n  intensity.  The  first, 
and  main,  effecc  is  the  ini rvase  in  intensity 
caused  by  the  convergence  the  rays.  .The 
second  effect  is  the  changa  caused  oy  the  vari¬ 
ation  in  atmospheric  pre-sure* 

In  an  oa.  Her  paper  Lansing  (see  capsule  sum¬ 
mary  P-43)  derived  *-he  ray  equations  for  an 
atmosphere  having  a  linear  temperature  gradier.  ** 
in  a  manner  similar  to  that  of  this  paper.  How¬ 
ever,  s.ansing  was  concerned  only  with  the 
ground  pattern  of  the  sonic  boo®,  and  he  did 
not  correct  the  intensity  of  the  sonic  boom  to 
account  tor  the  effects  of  a  non-ho®ogeneeus 
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atmosphere.  The  present  paper  is  very  similar 
to  an  earlier  paper  by  Warren  (see  capsule  sum¬ 
mary  P-41). 

This  is  a  very  clear,  well  presented  paper. 
However,  the  neglect  of  the  effect  of  atmospheric 
winds  severely  limits  the  usefulness  of  the 
equations  developed  here.  An  additional  limita¬ 
tion  is  that  only  the  asymptotic  pressure  wavs 
is  considered,  and  the  aging  of  an  actual  signa¬ 
ture  is  not  described. 
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FOCUSSING  OF  SUPERSONIC  DISTURBANCES  GH4ERATED 

BF  A  SLENDER  BODY  IN  A  NGN-HOMOGENEOUS  MEDIUM 

Michael  K.  Myers  and  Morton  B.  Friednan 

Columbia  University,  Department  of  Civil 

Engineering  and  Engineering  Mechanics, 

Technical  Report  No.  40,  June  1966 

The  purpose  of  this  report  is  to  analyze  the 
flow  past  a  slender  body  of  revolution  moving 
-  supersonic  velocity  in  an  atmosphere  in 
-A.isSi  the  speed  of  sound  decreases  linearly 
with  altitude.  Linear  theory  is  used,  and 
the  primary  interest  is  directed  to  the  pres¬ 
sure  distribution  occurring  in  regions  where 
toe  signal  generated  by  the  body  is  focus  st* 
by  refraction.  The  justification  for  using 
linear  theory  is  whitman's  hypothesis  (see 
capsule  summary  G-  '  ,  which  states  that 
linear  theory  describes  the  field  correctly 
but  assigns  its  values  to  the  wrong  location. 
Hence,  the- authors  state,  under  such  a 
hypothesis  in  toe  case  of  variable  sound 
speed,  since  the  shoch  must  .vanish  at  toe  cusp, 
it  is  expected  that  toe  values  of  pressure 
predicted  in  the  linearized  theory  are 
significant  regardless  of  toe  fact  that  the 
complete  shock  system  is  not  predicted  alove 
the  cusp. 

Using  linear  theory,  expressions  are. derived 
for  toe  pressure  signature  in  toe  focus  region 
for  two  typical  bodies  of  revolution,  it  is 
found  that  the  pressure  rise  behind  toe  Mato 
surface  in  the  variable  medium  is  of  toe  order 
of  four  timss  that  occurring  behind  the  Mach 
cone  is  a  uniform  atmosphere . 

In  an  earlier  paper  (see  capsule  summary  P-54), 

M.  P.  Friedman  and  Chou  also  investigated  the 
behavior  of  the  shock  wave  near  toe  sonic 
cutoff  altitude.  However,  they  used  oblique 
shock  theory  to  find  toe  shock  strength  in  the 
neighborhood  of  the  cusp,  rather  than  to#  linear 
theory  used  in  toe  present  paper. 

In  a  later  paper  Hayes  developed  a  theory  which 
tcxjfc  into  account  the  nonlinearities  at  a  caustic 
(see  capsule  summary  P-91) ,  and  Sesbass  later 
expanded  upon  that  theory  (see  capsule  sumary 
P-145) . 
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EXPERIMENTS  ON  THE  EFFECTS  OF  ATMOSPHERIC 

REFRACTION  AND  AIRPLANE  ACCELERATIONS  ON  SONIC- 

BOOM  GROUND  PRESSURE  PATTERNS 

Dor.enic  J.  Haglien,  David  A.  Hilton,  and 

Norman  J.  McLeod 

NASA  TN  0-3520,  July  1966 


Results  are  presented  in  this  paper  of  flight 
test  measurements  made  at  Edwards  Air  Force  Bf je 
of  the  pressure  signatures  of  a  fighter  airplane. 
The  purpose  of  this  investigation  was  to  better 
define  the  effects  of  airplane  operation  and  at¬ 
mospheric  refraction  effects  on  the  ground-expo¬ 
sure  patterns.  Based  on  the  results  obtained, 
the  following  conclusions  were  reached s 

1.  The  sonic  boom  pressures,  as  predicted  by 
theory,  were  highest  on  the  track  and 
generally  decreased  with  increasing  lateral 
distance  out  to  the  point  of  cutoff  due  to 
atmospheric  refraction  effects. 

2.  N-type  signatures  were  generally  observed 
at  distances  up  to  the  calculated  lateral 
cutoff  distance.  Beyond  the  calculated 
lateral  cutoff  distance,  the  signatures 
lost  their  identity,  and  disturbances  in 
the  form  of  very  low  rumbles  were  observed 
at  distant s  up  to,  about  15  miles  in 
excess  of  toe  calculated  lateral  cutoff 
distance. 

3.  These  disturbances  or  rumbles  were  believed 
to  be  the  result  of  acoustic  phenomena 
associated  with  toe  extremities  of  the 
shock  waves. 

4.  Thera  was  a  suggestion  of  pressure  buildups 
due  to  the  grazing  condition  Airing  the 
test  at  cutoff  Mato  number  along  toe  ground 
track.  However,  because  of  toe  relatively 
low  ground  reflection  factor  for  this  con¬ 
dition  the  resulting  ground  overpressure 
values  were  of  toe  same  order  of  magnitude 
as  those  predinted  for  steady-level  flight 
at  higher  Mato  numbers. 

5.  For  toe  conditions  of  Mato  number,  and 
altitude  above  cutoff,  definite  shock-wave 
signatures  were  ocserved  whereas  for  con¬ 
ditions  of  Mato  number  and  a’ litude  less 
than  cutoff  the  signatures  Lose  their 
characteristic  shape.  Acoustic  disturbances 
similar  to  those  observed  at  the  extremities 
of  the  lateral-spread  pattern  were  measured, 

6.  Pressure  buildups  during  acceleration  from 
subsonic  to  supersonic  speeds  were  measured 
in  the  very  localized  superboos  region, 
and  these  buildups  were  noted  to  be  up  to 
about  2.5  times  toe  pressures  measured  in 
the  accompanying  multiple-boom  region  (see 
figure  below) . 

7.  The  multiple-boom  regie-  covered  a  distance 
of  about  20  mires  along  the  airplane  ground 
track  and  was  characterized  by  two  N-waves 
producing  four  boons ,  The  hitosst  pres¬ 
sures  were  associated  with  toe  first  N-wave 
to  arrive  in  each  case  (see  figure  below) , 
and  these  wire  of  toe  same  order  of  magni¬ 
tude  as  would  be  predicted  for  similar 
steady-level  flight  conditions. 
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8.  Thu  locations  of  the  superbooa  and  multiple* 
booa  regions  were  predictable  to  within  5 
miles,  provided  the  airplane  flight  profile 
ana  acceleration  rate  were  known. 

•J.  For  the  acceleration  studies,  disturbances 
ir.  the  form  of  rumbles  were  observed  for 
large  distances  along  the  airplane  ground 
t-ack  prior  to  the  intersection  of  the 
shock  waves  with  the  ground.  These  rumbles 
were  also  believed  to  oe  the  result  of 
acoustic  disturbances  similar  to  those 
observed  at  the  extremities  of  the  lateral- 
spread  carte  m  and  for  the  cutoff  Mach 
number  flights. 

The  various  theoretical  methods  available  at 
the  time  this  paper  was  writte-  for  predicting 
the  ground  pressures  during  accelerated  airplane 
flight  and  for  the  lateral  spread  pattern  during 
steady  level  flight  (see  capsule  summaries 
P-3",  P-43,  and  P-47,  'or  example!  had  been 
verified  to  a  certain  extent  in  previous 
experimental  studies  (see  capsule  summaries 
P-33,  P-34,  and  P-48) .  Little  experimental 
information  existed,  however,  in  regard  to 
detailed  measurements  of  the  sonic  boom  ground 
pressures  in  the  multiple -boom  region  due  to 
acceleration  and  at  the  extremities  of  the 
lateral  spread  pattern  for  steady  level  flight. 
The  significance  of  this  paper  lias  in  the 
experimental  verification  of  the  accuracy  of 
geometric  aco'istics  for  predicting  both  caustic 
locations  and  locations  of  lateral  cutoff. 


validity  of  using  geometric  acoustics  to 
calculate  the  propagation  of  the  N-wava  is 
demonstrated  using  Fourier  transforms  of  H -waves 
and  the  analogy  with  optics. 

For  cruise  at  M  **  2.2  and  50,000  feet,  a  Honto 
Carlo  analysis  by  computer  obtains  relative 
overj  .'assures  at  ground  for  480  random 
atmospheres.  These  exhibit  "realistic"  wind 
temperature  statistics  developed  by  the  Inter¬ 
national  Meteorological  Institute  in  Stockholm. 
The  program  calculates  each  entire  boom  carpet, 
selects  the  maximum  AP  wherever  it  occurs,  and 
computes  its  ratio  to  the  peak  Ap  for  the 
Standard  Atmosphere. 

The  calculated  distribution  for  the  overpres¬ 
sure  magnification  factor  is  log-normal 
between  values  1.3  and  3.0,  On  the  average, 
a  AP-magni  f  ieation  at  least  twice  the  peak 
nominal  occurs  in  cruise  once  in  110  flights, 
and  three  times  occurs  once  in  5C0  flights. 

The  overpressure  calculations  in  this  paper 
use  an  energy  conservation  approach  which 
leads  to  the  overpressure  being  proportional 
to  the  ray  tube  area.  This  method  somewhat 
overestimates  overpressures  because  it  does 
not  take  into  account  the  aging  of  the  pres¬ 
sure  signature  or  lateral  spreading  of  the 
energy. 

•  This  paper  is  nearly  identical  to  an  earlier 
paper  by  Dressier  and  Fredholm  (see  capsule 
summary  P-39) ,  except  that  the  earlier  paper 
does  not  contain  a  justification  of  the  use 
of  geometric  acoustics.  The  reader  is  referred 
to  capsule  summary  P-39  for  further  details 
of  this  work. 
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SONIC-BOOM  MEASUREMENTS  DURING  BOMBER  TRAINING 

OPERATIONS  IN  THE  CHICAGO  AREA 

David  A.  Hilton,  Vera  Huckel,  and 

Domenic  J.  Kaglieri 

NASA  TH  D-<655,  ia  6 
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The  results  of  measurements  made  using  a  B-58 
bomber  to  investigate  the  effects  of  the 
atmosphere  on  the  sonic-boom  pressure  signa¬ 
tures  are  presented  in  this  paper.  Data  are 
presented  for  various  atmospheric  situations 
ranging  from  quiescent  to  turbulent  and  for 
a  wide  range  of  surface  temperatures. 
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STATISTICAL  HAGNIFICA.TQNS  OF  SONIC  BOCMS 

3V  THE  ATMOSPHERE 

Robert  Dressier  and  Nils  Fredholm 

The  Aeronautical  Research  Institute  of  Sweden 

iTA  Report  104,  1966 


The  measured  ion^c-boom  signatures  were  found 
to  vary  widely  in  both  peak  amplitude  and 
signature  shape  because  of  atmospheric  dynamic 
effects.  The  highest  overpressures  were  associated 
with  peaked  siinatufes  and  the  lowest  overpressures 
with  rounded-type  signatures. 


The  statistical  scatter  In  sonic  boom  over¬ 
pressure  due  to  large-scale  variations  in 
atmospheric  wind  and  temperature  for  steady 
state  cruise  In  investigated  in  this  paper. 

The  overpressure  variation  investigated  here 
is  not  due  to  a  "spiking"  or  "rounding"  of 
the  K-waves' but  rather  to  a  change  in  ray  tube 
area  caused  by  the  atmospheric  affects.  Use 
of  linear  theory  to  calculate  the  overpressure 
magnification  in  the  far  field  is  justified 
by  the  fact  tha*-  only  ra  1  of  tne  overpres¬ 
sures  with  and  without  '.nds  are  computed.  The 


It  was  found  that  the  wave-shape  distortion 
or  lack  of  distortion  did  not  occur  as  a 
local ixeu  phenomenon  bet  »c*med  to  result 
fro e  a  general  atmospheric  -onJltion  which 
existed  over  a  wide  area  at  the  fee  the  tefts 
were  made.  Thus  whan  signature  distortion 
occurred  at  one  measuring  station  on  the  flight 
track,  it  generally  occurred  at  ail  microphone 
locations,  even  though  the  manner  in  which  the 
signatures  were  distorted  varied  markedly  front 
one  measuring  point  to  another. 


•1 


The  statistical  variations  of  the  data  were 
then  investigated,  and  it  was  found  that  the 
variations  cf  overpressures  and  impulses 
could  be  represented  over  a  significant  range 
by  log  normal  distributions,  the  overpressures 
having  a  markedly  wider  range  of  variations 
than  the  impulses.  Using  data  from  previous 
investigations  it  was  determined  that  the  varia¬ 
tions  in  overpressure  and  impul-es  for  the 
longer  wave  lengths  of  the  bomber  airplane 
were  only  slightly  less  than  the  variations 
for  fighter  airplanes  which  produced  shorter 
wave  lengths. 


In  an  earlier  paper  (see  capsule  suissary  P-34) 
Maglieri  and  Parrott  presented  the  results  of  ' 
flight  tests  which  also  indicated  a  strong 
correlation  between  the  peak  overpressure  and 
the  type  of  signature  measured.  However,  no 
statistical  analysis  was  made  in  that  paper. 
Maglieri  and  Hubbard  (see  capsule  summary  P-49) 
did  make  a  statistical  analysis  of  previous 
flight  test  data  and  their  results  were  very 
similar  to  those  of  the  present  paper.  The 
present  paper  treats  the  subject  in  more  dapth, 
however. 
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APPROXIMATE  METHOD  OF  LOCATION  OF  A  SONIC  BOOK 
IS  ACCELERATED  MOTION  OF  AN  AIRCRAFT 
A.  Tamogrodski  and  £,  Luuzywek 
Archiwut,  M«chaniki  stosowanej,  Vol.  19,  No.  3, 
1967,  pp.  411-420 

This  paper  discusses  the  propagation  of  sonic 
booms  from  accelerating  aircraft.  The  cases 
of  negative  constant  and  positive  constant 
acceleration  are  considered,  and  also  a  case 
of  variable  acceleration.  The  analysis  is 
based  on  the  simplifying  assumption  that  .. 
shock  wave  propagates  in  the  homogeneous 
atmosphere  along  the  rays  at  the  speed  of 
sound.  The  condition  of  occurrence  of  a  super¬ 
boon  is  also  discussed. 


A  later  paper  by  Tamogrodski  (see  capsule 
suswary  P-96)  discussed  sonic  boom  propagation 
from  maneuvering  aircraft  in  a  temperature 
stratified  aimosphere.  However,  neither  that 
paper  nor  the  present  paper  contains  any  new 
theoretical  developments. 
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SONIC  BOOMS  ATTRIBUTED  TO  SUBSONIC  FL-JHT 
Raymond  L.  Barger 

,.:AA  Journal,  Vol.  5,  Ho.  5,  May  1967, 
no.  1042-1C43 

This  short  note  investigates  the  conditions 
under  which  a  sonic  boon  can  i-e  produced  by 
an  airplane  flying  at  subsonic  speeds.  Three 
situations  are  considered:  rapid  deceleration, 
flight  in  an  atmosphere  with  a  linear  wind 
gradient,  and  flight  in  ar.  atmosphere  with  a 
1  ar  temperature  gradient. 

In  the  case  of  a  linear  wind  gradien.-.  the 
condition  for  an  envelop#  of  the  wave  fronts, 
determined  from  thr  equation  of  prooacation , 
to  exist  is  found  to  bo: 


-hz/2a  >1-M 


where  h  =  wind  gradient,  a  =  sound  speed  at 
fli^tt  altitude,  S  =  Mach  niwber,  and 
%  -  vertical  distance  below  flight 
altitude. 

In  a  later  comment  on  ttis  paper  (see  capsule 
summary  P-78)  Kane  points  out  an  error  in  the 
derivation  of  the  above  result.  The  correct 
result  is 


-hz/a  >  1  -  S 

In  connection  with  transonic  deceleration  it 
is  pointed  out  that  when  an  airplane  deceler¬ 
ates  to  a  sutosoniG  speed  the  nose  shook 
detaches  and  propagates  ahead  of  the  airplane. 
A  sonic  boom  may  then  be  heard  on  the  ground 
as  the  airplane  passes  over  even  though  it  is 
traveling  at  a  subsonic  speed. 

In  the  case  of  a  linear  temperature  gradient 
the  condition  for  the  existence  of  an  envelope 
of  the  wave  fronts  is  found  to  be: 

a  -  kz  <  v 


where  k  “  sound  speed  gradient  and  v  *  flight 
speed. 

This  means  that  at  subsonic  speed  an  envelope 
might  font  below  the  flight  level  (z  <  0) 
only  in  the  case  of  a  temperature  inversion 
(k  <  0) . 
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SUMMARY  OF  VARIATIONS  OF  SONIC  BOOM  SIGNATURES 
RESULTING  FROM  ATMOSPHERIC  EFFECTS 
D.  J.  Maglieri,  D.  A.  Hilton,  and  N.  J.  McLeod 
Stanford  Res.  Inst.;  Sonic  Boom  Experiments  at 
Edwards  Air  Force  Base;  NSBEO-1-67 , 

July  28,  1967,  Annex  C,  Part  I 

This  paper  presents  a;  analysis  of  data  obtained 
during  che  1967  sonic  boom  test  progress  at 
Edwards  Air  Force  Base.  The  topics  discussed 
are;  (1)  the  nature  of  signature  shape  varia¬ 
tions;  (2)  propagation  studies  in  the  lower 
atmosphere;  and  (3)  an  evaluation  of  aircraft 
motion  effects. 

It  was  found  that  three  basic  types  of  signa¬ 
tures  existed.  These  ware  peaked,  normal,  and 
rounded.  A  statistical  analysis  of  the  data 
showed  t.  ;t,  with  the  exception  of  the  highest 
end  lowest  valued  points,  data  for  a  B-33  and 
an  XB-70  generally  follow  a  log  normal  distri¬ 
bution  and  the  variability  is  about  the  same 
in  each  case.  This  led  to  the  eonclvnion 
that  the  type  and  size  of  the  airpli  te  are  not 
significant  factors  regarding  variability. 

The  variation  in  signature  length  was  found 
to  be  about  the  sail#  for  points  five  miles  off 
the  fli^it  track  and  points  on  the  flight 
track,  even  though  the  signatures  were  longer 
for  the  off-track  condition.  For  a  B-5S  at 
Mad;  1.5  and  ar.  altitude  of  31,000  feet,  con¬ 
siderable  variations  in  rise  rimes  wore  found. 
Rise  times  of  less  than  a  millisecond  were 
commonly  encountered. 
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T»  r«  (;»p«ri*Eti  wi. ; <:  conducted  m  conjunc¬ 

tion  v.tr,  tne  Icw-i  atecbihero  propagation 
a'udi  i  In  the-  flr«t,  flights  were  ssade  over 
an  instrureited  range  consisting  of  a  linear 
fii  crot  '.cr,"  jrr  iy  on  the  uround  and  extending 
■ihwut  1522  fe»t  if,  ooBhinstion  with  a  vertical 
are  -v  on  an  lost  rjser, ted  tower  extending  to 
d>5»*.  25.*  feet  tes  the  ground  surface.  Us# 
gi  r*  :  jtin-j  aircraft  was  flown  at  an  altitude 
of  tj.OO  fe#t  and  at  a  Mach  nusfcer  of  1.5  for 
a  variety  of  weather  conditions,  in  situations 
where  wave  Tons  distortion  was  noted  to  exist, 
if  iaa  found  that  sin; I rr  wave  shapes  were 
rsajj-ed  both  at  th#  ground  surface  and  on 
-ho  instrumented  tower-  Furthermore,  the 
-■! I  v~  suggests-,!  that  similar  types  of  dis- 
t.rtion  existed  on  a  point  cn  sne  ground  ar.d 
a  point  or.  the  tswer  along  giver,  ray  paths . 

"••*s  lea  *o  the  conclusion  that,  for  these 
i  -.rticaiar  lest*,  the  250  foot  layer  of  the 
atmosphere  near  the  surface  of  the  ground  did 


'ffCIlblV  r|£ 


signature  shace. 


The  second  expen-sent  concerning  propagation 
n  t.io  lower  aMosphere  was  performed  with  the 
aid  if  two  airplane*  of  the  sase  type  which 
were  i io-n  at  the  srnrs  altitude  and  Mach  nusber 
and  cn  the  sit,  no" ihal  flight  track  iboit  5 
seconds  ac»rt.  5y  seas*  of  a  ground  microphone 
array  it  was  possible  to  raj  Sure  sonic  boos 
signatures  which  travelled  along  essentially 
tne  sane  ray  path,  from  a  high  altitude  to  the 
ground  for  a  di nance  of  approximately  15  miles 
but  at  slightly  different  tines.  The  results 
showed  that  gait*  different  wave  shapes  are 
associated  with  -wssaremer.ts  at  tifaer  a  few 
seconds  apart.  This  led  to  the  conclusion  that 
the  integrated  effect*  of  changes  in  the 
atmospheric  conditions  along  3  given  ray  path 
rt»>  be  significant  eve®  for  such  a  small 
difference  in  time. 

The  third  experiment  relating  to  propagation 
ir.  me  lower  itsessher*  made  use  of  a  hi  ini' 
tu  seasure  pressure  signatures  at  an  altitude 
of  2)j;  feet.  For  tome  cases,  tne  incident 
signature  w am  essential  iy  ,undl»toi  tea,  whereas 
the  ground  ^asuroaefits  and  the  r.  lected 
s  iunstir©  «M-.re»r,u  *t  the  uirsi.rp  showed 
ev.der.c*  of  distortion.  This  ruggested  that 
the  2020  foot  , f . ;*  layer  *f  the  atmosp-hew 
was  responsible  for  all  such  distortion  How¬ 
ever,  sasBv  other  aeasureswots  showed  distortion 
of  rne  incident  wave,  which  indicated  that  th# 
portion  of  the  at«wi«wre  above  2200  feet  ray 
be  important  4  or  ■  --  -  c4j.es. 

To  evaluate  the  effect  of  nail  perturbations 
to  the  aircraft  fli^t  path  on  measured  pres- 
suf#  signatures  a  test  airplane  was  flown  both 
in  steady  level  'light  and  ■*porpoisi..q"  flight 
over  an  instrumented  array.  The  "porpoising* 
flight  involved  periodic  0.5  g  normal  accelera- 
tior.*.  The  results  showed  no  significant  differ¬ 
ences  for  the  signatures  measured  for  the  two 
flights,  which  ir.iirattd  that  the  variations 
dlsfussed  previouily  in  the  paper  -msre  due  aaisiy 
to  atmospheric  effects  rather  than  to  effects  of 
aircraft  motion. 


The  test  program  iis.:jisri  here  was  one  of  the 
most  extensive  r«r  conducted  to  experimentally 
study  the  effect  of  the  atmosphere  in  producing 
pressure  signature  distortion*,  “hose  results 
were  a  very  significant  contribution  to  sonic 
boost  propagation  theory, 
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PRELIMINARY  RSaNLTS  Of  Jffi-70  5WIC  BOOM  FIELD 

TESTS  Wrillij  EJATI0NAL  .-  VIC  BOOH  EVAtUAVIOl 

PROGRAM 

D.  J.  Haglieri,  v.  HucJtei,  H.  ft.  Henderson,  and 

T.  Potman 

Stanford  hr**.  Inst.:  Sor.i-.  Boo®  Experiments  at 

Edwardi  Air  Fore--  Base:  HSRi-j-l-e? 

July  28,  1967,  Annex  C,  Fan  II 

This  write-up  document*  s.  of  the  physical 
SKasurement  results  fraa  As  -70  sonic  boor, 
flight  tests.  1h#  objectivet  of  th**  flight 
tests  were  to  verify  th*  available  sonic  boca 
overpressure  and  signature  shape  prediction 
aetbod?  for  large  aircraft  of  the  supersonic 
transport  class  and  to  evaluate  the  effects 
of  the  atmosphere  on  the  sonic  boon  signatures 
for  such  3  large  airplane. 

Guta  were  obtained  for  a  series  of  20  flights 
of  the  553-70  airplane  for  the  Mach  number  range 
1.28  to  2. 54,  for  th#  altitude  range  from 
21.U00  to  72,0*20  feet,  and  for  a  gross  wei^it 
range  of  about  AM, SCO  to  420.000  pounds.  The 
signature  shape  variation*  and  associated  vari¬ 
ations  in  overpressure*,  impulses,  and  time 
durations  we re  found  to  b*  similar  in  nature 
to  those  observed  previously  for  smaller  air¬ 
planes.  Variabi  Jity  in  the  above  quantities 
was  Markedly  g renter  in  duns  than  is  the 
liovect&er- January  tine  period  and  was  believed 
to  he  related  to  atmospheric  effects.  These 
results  are  also  discussed  is  a  later  report 
by  Garrick  and  Maglieri  isee  capsule  saasarv 
F-81) . 

The  significants  of  this  investigation  is  that 
it  showed  that  at »: heri _•  effects  os  the 
signatures  of  large  airplane*  were  essentially 
the  sum  as  for  ss ill  airplanes. 
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KETE0RCL0G ICAL  I  IF.  SET  I GATI  TH© 

C.  Roberta ,  W.  Johnson,  S.  Herb# 
StanScrd  Res.  Inst.:  Some  Boot 
Edwards  Air  Force  Base;  Ssbbo- I- 
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rt,  and  k*.  A,  Hass 
ixperimnts  at 
17,  July  23,  196  7, 


Many  if  tne  results  of  this  work  are  also 
discusted  in  a  later  paper  sy  Garrick  and 
Magl,#ri  ?»ee  -+~.i ,  1— .ary  p-Bli . 


This  paper  present*  pr»li»iMry  results  of  an 
investigation  of  meteorologies'  streets  on 
sonic  boon  pressure  sigsaturea.  ais  investi¬ 
gation  was  corrfucted  by  the  Env;  renewnta  1 
Science  Service*  Afeinist ration  (ESSAJ  a* 
part  of  the  29 i 7  Edvard*  Air  Fore®  3*ss  Sonic 
Boos  Experiment*. 

The  followisg  crBliainary  uwwliwions  wore 
reached  as  a  result  of  this  investigation: 

1.  There  is  a  *Iiohi  indication  that  over- 
ressure  variability  i»  greatest  when 
fliglits  are  above  the  level  ef  maxisum 
wind,  and  ;-.•*» t  whir,  they  are  below  it. 


M»gl,eri  Ci 


2,  Flights  below  the  tropopause  remit  in 
greater  overpressure  variability  than 
flights  above  or  within  the  tropopause, 
possibly  because  individual  variations 

in  the  near-field  disturbance  are  smoothed 
out  in  passing  through  the  tropopause, 

3,  Very  little  effect  of  overall  te^erature 
departures  from  standard  was  indicated. 

4,  Analysis  of  the  mean  wind  between  aircraft 
and  the  surface  indicated  a  fairly  pro¬ 
nounced  tendency  for  stronger  mean  winds 

to  have  a  greater  effect  on  the  variability 
of  mean  observed  overpressures. 
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ANALYSIS  OF  THE  FORMULAE  GIVING  THE  "RAY-TUBE- 

AREA"  OF  SONIC  BOOM  PROPAGATION  THEORY 

Elliot  Eisenberg 

Boeing  company  Document  D6-A11Q71-17N,  August  1967 

The  purpose  of  the  work  described  in  this  doc¬ 
ument  is  to  examine  two  different  derivations 
of  equations  for  the  ray-tube-area  and  to  out¬ 
line  a  general  procedure  for  the  derivation 
of  such  an  equation.  The  two  derivations  that 
are  exaalrwd  are  those  of  Friedman,  Raw,  and 
Sigalla  (see  capsule  summary  P-335  and  Randall 
(see  capsule  summary  P-21). 

As  shorn  here,  Randall's  approach  was  to  con¬ 
sider  4  rays  designated  by  <*,  r  5 .  <A+A* ,  r  5 , 
S#if+4»  Si  and  (A+A#,F+Ar  ).  A  was  defined 
m  the  initial  angle  the  ray  makes  with  the 
tori rent a i  at  the  airplane  flight  altitude  and 
t  was  the  time  at  which  the  ray  was  produced 
or.  the  flight  path.  The  4  rays  defined  the 
edges  of  a  conoid;  where  a  parallel  plane  cut 
the  conoid,  a  parallelogram  was  defined.  The 
projection  of  this  parallelogram  normal  to  the 
ray  r  ,  a  was  the  ray-tube-area. 

The  approach  by  Friedman,  Kane ,  and  Sigalla 
was  to  consider  two  rays  only,  one  starting 
from  the  airplane  at  time  f  and  the  other  at 
r+Af  .  The  ray  tube  area  is  then  taken  to  be 
proportional  to  ad,  where  d  is  the  perpendicu¬ 
lar  distance  between  the  two  rays  at  some 
distance  a  below  the  airplane. 

It  is  shown  ir  the  appendix  that  the  ray-tuee- 
area.  A,  appears  in  the  equation  for  shod;  wave 
pressure  in  such  a  way  that  i*  one  were  to 
substitute  KA  for  A  in  that  equation  (K  being 
an  arbitrary  constant)  the  calculated  value 
of  the  pressure  would  not  be  affected  by  the 
substitution.  It  follows  that  various  equations 
for  ray-tube-area  will  be  equivalent,  as  far 
as  the  calculation  of  pressure  is  concerned, 
provided  the  ray  tube  areas  are  proportional 
to  each  other,  it  is  also  shown  that  the  ray- 
tube -are  as  of  Randall  and  Frisdran  are  pro¬ 
portional  to  each  other  but  only  for  the  ease 
of  a  homogeneous  atmosphere.  These  two 
apfroatdies  could  not  be  reconciled  for  the 
more  general  case. 

As  equation  for  the  ray-tubs-area  i*  then 
derived  by  two  approaches  that  were  thought 
to  09  different  from  these  of  handail  and 
Friedman, 


In  these  approaches  4  neighboring  rays  were 
considered  as  was  done  by  Randall.  In  the  first 
ease  the  area  is  obtained  by  dropping  perpen¬ 
dicular  distances  from  one  ray  tc  its  neighbors. 
In  the  other  case,  realizing  that  a  shock  wave 
is  an  envelope  at  a  given  time  of  disturbances 
produced  at  different  times,  the  intersecting 
corner  points  of  the  shock  wave  and  the  rays 
were  determined.  From  this  the  ray-tube-area 
equation  is  derived.  It  is  found  that  both 
approaches  are  equivalent  and  that  the  equa¬ 
tion  obtained  is  the  same  as  that  of  Randall. 

Having  shown  that  Randall's  area  is  correct, 

■he  conceptual  difference  bet  <utm  the  two 
approaches  is  discussed,  it  is  pointed  out 
that  Randall  in  his  derivation  took  into 
account  the  fact  that  the  ray  tube  is  not 
symmetric  with  respect  to  the  flight  path . 
Friedman,  on  the  other  hand,  neglected  the 
non-symmetry  of  the  problem.  It  is  therefore 
concluded  that; 

1.  Randall's  area  is  a  more  accurate  descrip¬ 
tion  of  the  physical  situation,  and 

2,  The  two  ray-tube -areas  will  not,  for  the 
non-homogeneous  case,  be  related  by  a  con¬ 
stant  factor. 

The  discussion  presented  in  this  paper  of  the 
two  ray-tube-area  expressions  of  Randall  aid 
Friedman  is  excellent.  The  finding  that 
Friedman's  ray-tube-area  was  in  error  was  very 
significant,  since  his  theory  was  in  widespread 
use  at  the  time  this  paper  was  written.  However 
for  cases  involving  predictions  of  atmospheric 
effects  on  overpressure  for  asymptotic  pressure 
signatures  produced  during  steady  flight  the 
two  expressions  yielded  results  that  differed 
numerically  less  than  5%. 

P-69 

VARIABILITY  OF  SONIC  BOOM  PRESSURE  SIGNATURES 
ASSOCIATED  WITH  ATMOSPHERIC  CONDITIONS 
I.  E.  Garrick  and  D.  J.  Maglierl 
Paper  presented  at  International  Association  of 
Meteorology  a  4  Atmospheric  Physics,  XIV  General 
Assent  ly  of.  the  International  Union  of  Geodesy 
and  Geophysics,  Lucerne,  Switzerland,  Sect.  25- 
Oet.  7,  1967 

This  paper  presents  a  summary  of  the  knowledge 
concerning  atmospheric  effects  on  the  sonic 
bates  as  gf  1967.  Topics  treated  ares  £15  effects 
of  atmospheric  turbulence  on  pressure  signa¬ 
tures ;  (2)  atmospheric  effects  or.  energy  spectra 
of  pressure  signatures;  (3)  lateral  distribu¬ 
tion  cf  sonic  bows  overpressure;  and  (4)  a 
statistical  analysis  of  sonic  boom  overpressures 
and  positive  impulses. 

In  connection  with  the  effects  of  atmospheric 
turbulence  on  pressure  signatures  it  is  shown 
that  when  atmospheric  conditions  are  unstable, 
tee  ewm*  1  “-wave  may  become  'rounded*'  -ir 
"spiked."  The  results  of  the  two  previous  in¬ 
vestigations  conducted  to  determine  the  region 
of  the  atmosphere  in  which  the  modification  s* 
the  pressure  signatures  takes  place  are  pre¬ 
sented.  These  experiments  are  illustrated  in 
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the  two  figures  below.  In  the  first  exferiBent, 
the  flow  field  of  an  aircraft  flying  at  a  K»eh 
number  of  1,5  at  an  altitude  of  40,000  feet  was 
prefeed  at  20Q0  feet  by  an  instrisaenteb  blimp. 
For  a  number  of  cases,  as  illustrated  in  the 
fiqure,  tha  incident  signature  was  undisturbed, 
whereas  belli  the  ground  signature  and  reflected 
signature  at  the  blimp  shewed  distortion,  this 
Assaonstrated  clearly  that,  for  these  cases,  the 
2000  foot  surface  boundary  layer  was  the  effec¬ 
tive  agent.  On  the  other  hand,  other  seasure- 
tsents  with  the  blimp  indicated  distortion  of 
the  incident  wave  itself,  showing  that  the 
higher  altitudes  were  responsible  for  th#  tur¬ 
bulence.  The  experiment  Illustrated  in  the 
sarvind  figure  demonstrated  that  tne  atmosphere 
below  250  feet  was  not  significantly  modifying 
the  pressure  signature,  sins*  when  wave  form 
distortion  was  noted  to  exist,  it  was  found 
that  similar  wave  shapes  occurred  both  at  the 
ground  surface  and  at  tha  tower  for  both  inci¬ 
dent  and  reflected  waves. 
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S',  hematic  of  Blimp  Experiment 
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SutHticjl  V ariat  iom  of  Peak  Oertpresstm 

The  statistical  analysts  of  overpressure  meas¬ 
urements  indicates  that  the  pressure  peaks  and 
impulses  follow  approximately  a  log  normal 
probability  curve,  it  is  also  show*  that  the 
variability  of  thy  data  is  very  similar  for 
fighters  and  bombers. 

a  comparison  of  the  energy  spectra  of  a  “spited* 
signature  and  a  "rounded"  signature  s!,js**d  that 
only  relatively  small  differences  existed  in 
the  envelopes  of  tile  amplitudes,  despite  the 
large  difference  in  signatures  and  maxtaua  over¬ 
pressures.  The  lower  frequencies  of  the  spectra 
were  well  correlated,  while  for  the  higher  fre- 
truKiioius  there  are  indications  that  the  relative 
phases  of  the  two  waves  tend  to  be  cow  random. 


I  s 


Schematic  of  Tower  Experiment 


k  table,  included  in  this  paper  to  provide  • 
convenient  summary  of  some  of  the  results  of 
several  flight  programs,  is  shown  below.  Pre¬ 
sented  are  the  mean  values  measured  as  ratioed 
to  the  nominal  values  calculated,  tin  shown 
are  the  id,  i20,  and  tha  *3#  ranges  of  values 
as  ratioed  to  tha  maan-ts-noainal  ratio. 


This  paper  is  very  similar  to  but  more  extensive 
than  an  earlier  paper  by  Maglieri  (see  capsule 
summary  P-75) .  The  reader  is  referred  to  that 
capsule  summary  for  a  further  discussion  of 
these  results.  All  of  the  material  contained  in 
this  paper  is  also  contained  in  a  later  NASA 
technical  note  (see  capsule  sowary  f— 81) . 
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THE  EFFECT  Or  ATHCSFHS3XC  KOKUHTPOBMIT::  ON  SOMC 

30GM  IhTIblSITrES 

Byuma  Kawamura  and  Hitsuo  MaJcir.o 

Institute  of  Space  and  Aeronautical  Science, 

University  of  Tokyo,  Keport  ho,  416,  Vol.  12,  to.  9, 

Oct.  1967,  pp.  101-213 

A  theoretical  investigation  of  the  *ff*et*  of  a 
non-hemogsneeus  atmosphere  on  sonic  boom  propaga¬ 
tion  for  the  case  of  steady  level  flight  is  pre¬ 
sented  in  this  paper.  First  an  analysis  is  made 
for  as  axisymsefcric  body  in  an  adiabatic  afsos- 
phere,  together  with  the  two-dimensional  body 
case.  The  decay  of  a  bow  shock  due  to  atmospheric 
nen'ini  fon»S  ty  is  obtained  by  the  application  of 
iSutham's  theory  (see  capsule  summary  0-3)  to  the 
care  of  a  stratified  atmosphere,  Nmrieal  calcu¬ 
lations  are  carried  tot  at  flight  Mach  nmbam 
fret  1.3  to  3,0  and  flight  altitudes  up  to  1C  kn. 

Extension  of  the  above  technique  is  used  to  obtain 
the  decay  of  a  bow  shoe*  in  an  arbitrary  strati¬ 
fies  atmosphere  A  numerical  calculation  is  mad* 
of  th#  ratio  fc>*  toe  case  of  an  axisynmetric  body 
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i  •  «•  %'  i*".dard  atmosphere  at  the  same  flight  .Math 
nu  .-ci,-  is  ataeva  and  flight  altitude#  up  to  20  km. 
Tht'  *p;tits  ,*re  compared  with  those  of  Prieinirt, 
Raw,  i  tit  Sigatla  (sm  capsule  summary  R-33) , 
who,  1  oulatiom  were  based  upon  the  ray  tube 
swth.-ii,  Tha  ray  tube  aathod  rests  oft  the  basic 
33su.v-ti.of!  that  the  propagation  of  tht  disturbance 
df>«j  i.td  tune  may  be  treated  Separately,  whereas 
Mhitlw  •>(  theory,  upon  which  the  method  jf  the 
pwiwnt  piper  in  based,  involves  disturbances 
j-r.jf.au-;  ■ ,  an  along  the  shock  frost,  Howe -/or,  good 
agmuent  was  obtained  between  tft*  two  approaches, 
efcc.  If  jeU  difference  being  about  5%. 

This  .  a,.'- -  by  -deriving  tee  araospheric  correction 
factor  ey  an  independent  wfchol,  demonstrated  the* 
aasenti.ts  1  ids ty  of  the  results  of  Friednan, 
Kaw,  a/.:?  igaila  for  the  effect  of  she  atmos¬ 
phere  as  tl.w  iw  shock  of  an  asymptotic  pressure 
aiqnuture. 


unemi  neoitt  jf  mmmms  gbkspatcd  sv  refraction 

M,  K,  ^per»  and  l,  S,  Friedman 

of  Aircraft*  ¥ol.  4,  a>.  6,  Nov. -Dee.  1367, 


This  paper  analyses  the  flow  post  a  slender  body 
of  revolution  owing  at  supersonic  velocity  in  att 
stBcephera  in  which  the  speed  of  sound  decreases 
linearly  Hid  altitude.  Linear  theory  is  used,  and 
fh#  p*  latary  interest  is  directed  to  the  pressure 
ai»trinutio*i  occurring  in  regions  where  til*  signal 
jeia.  >  ute j  by  the  body  is  focused  by  refraction. 

This  paper  is  virtually  the  sja-as  as  an  earlier 
report  by  ayars  and  Friedman  (see  capsule  summary 
P-%9}.  The  read-r  referred  to  the  capsule  surt- 
aary  of  that  pap.  for  details  of  this  work. 
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report  os  masumtsms  of  sosig  sajss  during  exercise 

SUMNER  SKY 

N.  £.  Delany,  B.  R.  Johnson,  0.  F,  Per.iet,  and 

A,  J.  Bennie 

Netuonal  Physical  Laboratory  Special  Report  005, 

A.R.C.  23  763,  Deo.  1367 

Hsasuraoents  of  sonic  boons  resulting  from  flights 
of  a  lightning  aircraft  over  London  at  K*sh  1.4 
are  presented  is  this  paper,  He&suresents  were  rads 


in  th#  lower  atEospbere  -  both  shocks  neccssari  1  y 
traversing  daott  Identical  paths  through  the 
atmosphere. 

Values  of  ti*»  delay  between  the  arrival  of  inci¬ 
dent  and  reflected  waves  were  calculated  both  for 
the  ground  stations  and  elevated  stations  using  the 
direction  eonsiae*  of  the  wave  normal.  The  com¬ 
parison  between  these  calculated  values  and  the 
measured  values  was  good. 

The  measured  pressure  signatures  of  the  shock  waves 
reflected  fro*  a  nearby  building  showed  a  loss  of 
low- frequency  components .  It  is  noted  that  sot* 
loss  of  low  frequencies  is  to  be  expected  when 
shocks  are  reflected  from  a  plane  surface  whose 
physical  dimensions  are  not  very  large  comparer* 
with  the  wavelength  in  air  of  the  lowest  frequency 
ecsponents.  It  is  also  pointed  out,  however,  teat 
this  is  not  an  entirely  satisfactory  esp i-anstioti, 
since  similar  spiky  reflection  pattern*  were 
occasionally  observed  from  ground  reflection. 

Lansing ‘s  acoustic  method  was  used  to  calculate 
ground  intersection  patterns  and  wave-normal 
angles.  Qualitative  agreement.  was  found  with 
measured  values. 

Ibis  investigation  did  not  produce  any  results 
which  had  not  a i ready  been  determined  (com  r  re- 
vious  flight -test  investigation*,  it  did,  however. 
Substantiate  many  previous  findings. 
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BRIEF  REVIEW  OF  THE  BASIC  THEORY 

Wallace  0.  Hayes 

HAS*  SP-147.  1967,  Bp.  3-7 

This  review  divides  sonic  boom  cheer/  into  five 
--.aes,  corresponding  to  the  calculations  required? 

IV,  tot  the  local  fleer  field  near  the  aircraft  and 
the  associated  asymptotic  disturbance  far  from  tee 
aircraft,-  (2?  for  the  tracing  of  a  sound  ray  through 
a  non-uni form  .tnoephere  with  winds;  Cl)  for  the 
calculation  of  the  are#  of  a  ray  tune  as  it  varies 
along  a  ray;  (4>  for  the  calculation  of  ar,  "age" 
variable  (sec  .apsu le  summary  P-ie)  t  and  to!  t'uc 
use  of  an  ags  variola  in  Staining  tne  s.-tsature 
after  it*  distortion  tom  to  nonlinear  effects,  Tne 
appropriate  theory  for  each  of  these  areas  is  briefly 
raviewsa. 


both  at  ground  level  and  at  elevated  points.  This 
system  permitted  the  inclination  angle  of  the  in¬ 
cident  shack  wave  to  be  determined.  It  also  made  it 
possible  ro  identify  not  only  the  primary  reflec¬ 
tion  from  neighboring  buildings  but  also,  in  the 
case  of  the  elevated  microphones,  the  save  which 
had  been  successively  reflected  first  fros  a  near¬ 
by  sgilding  and  teen  from  the  ground. 

The  ratio  c.  ten  amplitude  of  the  shock  wave  r»- 
flected  from  tee  ground  to  that  incident  on  the 
ground  was  found  to  be  highly  variable,  ranging 
item  0.19  to  5.4.  No  systematic  difference  was  ob¬ 
serve-;!  hetwu  reflection  from  grass  and  reflection 
from  gravel. 

A  close  similarity  was  found,  in  most  cases, 

twee r.  the  front  and  rear  shocks  in  a  given  pres¬ 
sure  signature.  It  is  noted  that  such  siailarity 
betweai  front  and  rear  shocks  is  consistent  with 
the  hypothesis  that  deviation  from  idealised  !(- 
type  wBifigaration  is  due  to  ateospheric  turbuluncn 


The  theory  is  s uiw-wd  up  as  being  *  corg-osit t*  «,e, 
involving  a  lovai  theory  near  the  airct -.‘'t,  a 
geometric  «;•- .sties  theory,  and  a  nonlinear  distor¬ 
tion  theory.  The  principal  us  sumptions  s,f  t.  .  - 
theory  are  tews  of  geometric  acoustic*— that  *  ** 
characteristic  seal#  and  ti»»  cf  tee  ,-natu-e  *r, 
small  compared  with  th#  atmospheric  s-.-iio  height 
and  wave  front  radius  of  curvature  and  with  vari¬ 
ous  natural  period*  of  the  atewswuste.  ft  m  itntad 
out  teat  th*  theory  fail*  completely  near  u  eristic 
and  near  a  'shadow"  or  "cutoff"  point.  Where  ray* 
are  tangent  to  th*  ground. 

Certain  sir--"! ration  concepts  are  then  discu sc-d. 

For  discuss, on  of  these  *ee  cafsuie  susmary 

This  i»  a  good  concis*  »i»*ry  of  the  s?*ftc  'f 
the  art  of  tonic  bourn  prewugation  theory  » j  nr 
1967. 


similar  variations  in  pressure  signatures  were 
noted  for  spaII,  madiuie,  and  large  aircraft. 

Aircraft  antiens,  in  the  form  of  perturbations 
about  the  normal  flight  track,  are  shown  not  to 
contribute  significantly  to  observed  sonic  boom 
signature  variations.  This  is  taken  as  evidence 
that  the  variations  discussed  previously  in  the 
paper  are  due  mainly  to  atmospheric  affects  rather 
than  to  effects  of  aircraft  motion, 

A  statistical  analysis  of  the  variations  in  over¬ 
pressure  and  positive  impulse  showed:  (1)  the 
irpuise  data  generally  had  less  variability  few 
the  overpressure  data:  (2)  the  variation  in 
overpressures  far  a  medium  size  airplane  was 
favnd  to  be  only  slightly  less  than  for  a  small 
airplane:  (3)  the  amount  of  variation  was  less 
-or  data  treasured  during  the  winter  months  than 
for  data  measured  during  the  striae r  months 
(believed  to  be  a  result  of  the  more  stable 
atmosphere  during  the  winter  due  in  part  to  th* 
reduced  convective  heating  in  the  lower  layers): 
and  (4)  the  probability  distribution  for  measure¬ 
ments  obtained  at  distances  out  to  13  miles  shows 
larger  variability  than  for 'measurements  on  the 
flight  track  (believed  to  ho  due  to  the  longer 
ray  paths  travelled  toy  the  waves  in  the  lower 
layers  of  the  atmosphere  in  order-  to  reach  the 
lateral  stations). 

This  paper  does  a  good  job  of  sunurising  the 
results  of  those  portions  of  previous  investigations 
concerned  with  fee  effects  of  the  atmosphere  and 
aircraft  maneuvers  on  the  Sonic  boom. 

f-n 

SOHUTffiAK  PROBLEM?  IK  WAVE  PROPAGATION 

Klaus  Oswatitscn 

Space  science  Seminar,  George  C.  Marshall  Space 

Flight  center.  Report  So.  SSS-67-74,  1937 


The  translation  of  the  houndary  and  initial  con¬ 
ditions  from  the  physical,  space  to  the  fewacterlet 
space  is  easy  in  those  eases  wh»ro  the  acoustical 
theory  gives  good  results  near  fee  body.  le  eases 
where  the  acoustical  theory  gives  wrong  or  no 
results  near  fee  body,  the  translation  of  th* 
boundary  conditions  can  cause  difficulties,  and 
several  problems  still  are  net  solved.  However, 
one  of  the  solved  problems  is  fee  solution  of 
the  flew  field  about  a  delta  wing  wife  sonic 
leading  edges,  ‘fee  solution  of  fee  flow  field 
around  various  delta  wings  wife  sonic  or  near-s-unie 
leading  edges  is  then  illustrated. 

In  later  papers  (see  capsule  summaries  G-49  and 
G-72)  Oswatltsch  and  Sun  use  fee  analytical  n»th«i 
of  characteristics  to  investigate  fee  sonic 
of  a  delta  wing. 

The  presentation  of  fee  theory  in  this  paper  it; 
excellent,  ffee  derivations  are  concise  and 
straightforward  wife  many  wedl-ettosen  iliustrati-ttui 
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THE  EFFECTS  OF  WE8S5  AND  iKH-JMOSliEOUS 

ATMOSPHERE  CM  SmiC  BOOMS 

y.  S.  Pan 

Mew  forte  University — AA-Sb-1,  January  196# 

This  paper  presents  a  study  of  fee  effects  of 
winds  and  inhomogeneous  atmosphere  on  sonic  boons 
by  use  of  a  shock  wave- vortex  sheer  interaction 
concept.  The  atmosphere  is  assumed  so  be  unsold, 
non-conducting  and  constituted  by  a  finite  maser 
at  parallel  horizontal  streams.  Disturbances  gen¬ 
erated  by  a  supersonic  aircraft  propagating  feroagh 
fee  atmosphere  are  reflected  and  transmitted  at 
each  interface  between  two  streams.  Bi*  last 
transmitted  disturbance  striking  fee  ground  is 
reflected  regularly. 


A  aefeod  far  the  theoretical  prediction  of  weak 
-.hocks  and  Prandtl-Huyer  expansions  in  unsteady 
flew  or  in  three -dimensional  steady  supersonic 
flow  is  preseated  in  this  report.  The  method 
developed  is  an  analytical  characteristic  theory 
far  snail  disturbances.  As  in  all  characteristic 
theories  fee  flow  properties,  such  as  velocity 
sMBoonents  and  pressure,  are  dependent  variables 
depending  on  certain  characteristic  independent 
variables .  The  coordinates,  and  in  unsteady  flew 
"the  time,  are  also  dependent  variables.  This, 
while  acoustic  theory  allows  only  the  physical 
flow  -juan titles  such  as  the  pressure  and  velocity 
to  bo  perturbed,  the  analytical  method  of  charac¬ 
teristics  also  allows  perturbations  of  fee 


By  using  this  isa^i  it  i#  fowl  that  ch*  jfutp© 
of  fee  disturbance  remains  sadistortod,  and  that 

its  strength  and  propagation  direction  change 
as  it  propagates  through  different  streaas,  too 
overpressure  of  a  disturbance  on  tea  ground  can 
be  represented  by  fee  overpressure  of  th* 
disturbance  passing  through  a  homogeneous  «tr«« 
multiplied  by  a  "modi ficat ion  factor’  f  i 
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in,  this  theory,  rather  than  working  in  the  physical 
space  as  in  fee  acoustical  theory,  a  characteristic 
space  in  which  the  Mads  lines  are  exact  straight 
lines  is  used.  Plane  Hash  surfaces  and  exact 
circular  Hash  cones  can  be  introduced,  and  the 
initial  and  boundary  conditions  of  the  characteristic 
specs  must  be  introduced.  After  the  prafei«*  has 
been  solved  if,  the  characteristic  space,  the  loca¬ 
tion  of  the  characteristic  independent  variables 
in  too  physical  plans  must  be  found  by  integrating 
•suasions  derived  which  express  the  relationship , 
between  the  first  order  disturbances  of  fee  coor¬ 
dinate#  ,  fee  first  order  disturbances  of  too  velocity 
components,  and  the  independent  characteristic 
variables . 


Propagation  far  a  simple  weak  aback  and  an  S-waw 
disturbance  through  throe  parallel  c. ■■  ,■  is 
carried  out.  Results  show  the t  fee  location  of 
fee  disturbance  on  the  gru  jr-1  depends  on  the¬ 
atre*!  thickness##  and  Mach  numbers,  ana  sh* 
strength  on  the  ground  depends  only  on  fee  atr*sn 
Had*  Baebers.  it  is  sham  that  if  the  Ma«h  nuafear 
of  fee  lowest  SCAM  sear  th#  ground  «  •coal  to 
or  less  than  feat  of  fee  first  ,.tn- »“•«■  »kb  >t~. 
of  to*  disturbance  i*  always  roducod.  This  con¬ 
clusion  is  generalised  to  sonic  booms  eropaai- -r.-i 
through  an  atmosphere  eonstitated  by  »  finite 
number  of  ntetmm. 


m 


toaweticTi  with  th*  mmc  boos  experiments 
carried  out  at  Edwards  Air  tore#  Base  in  life?, 
it  is  aha m  that  the  findings  of  those  experiment* 
are  consistent  el  Eh  the  results  of  th#  present 
it  ie  pointed  oat  that  th#  difference 
in  tha  wave  shape*  observed  in  that  experiment  on 
fcfte  ground  and  generated  by  Saw  F-I06  airplanes 
flying  at  the  sane  altitul..  amt  Mach  number  and 
an  toe  sane  ..or* Inal  flight  trart  wwt  5  seconds 
apart  -ay  n#  da#  to  th#  fast  that  the  second  plane 
vm  flying  at  a  slightly  different  Mach  noofcor 
Item  to#  first  plane  because  of  the  wake  behind 
th#  first  plane  and  the  reflected  disturb«e#s 
irasi  me  first  plane.  Consequently,  based  on  the 
analysis  of  this  paper,  the  sonic  haem  signatures 
■ay  h#  different. 

Ftiateas,  * ass,  ind  Sigalla  (see  capsule  inuy 
Mil  proseated  a  very  complete  treuteent  of  a 
shoe*  propagating  through  an  staaospher#  with 
Mseratare,  pressure,  and  wind  variations.  Si# 
PMrpas#  of  tte  present  paper  was  to  present  a 
•iapler  aadsl  in  which  the  computational  diffi¬ 
culties  tee  to  the  interdependence  asnong  sheet 
Strength,  location  and  ray  tube  area  in  the  former 
nthod  do  not  arise,  ft  should  be  noted  that  the 
■stood  of  th#  present  paper  scales  only  the  mag¬ 
nitude  of  the  JJ-Wava  overpressures,  just  as 
fried-an,  (art.  ,  and  slgalla  did,  and  does  not 
mount  for  ct-anges  in  signature  ship*  as  it 
prof  agates  away  from  the  airplane. 
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this  short  note  present#  a  correction  to  an  expres¬ 
sion  derived  by  Bargs r  in  an  earlier  paper  (see 
signal*  sLcwsary  P-64)  giving  the  condition  for  a 
shock  wav*  to  fora  due  to  the  flight  of  an  airplane 
la  m  atmosphere  having  a  linear  wind  gradient.  The 
expression  derived  sy  larger  is: 

-f.t/2*  >  l  -  M 

wh*r*  h  *  «ir.d  gradient 

*  --  vertical  distance  below  flight  altitude 
a  «  sound  speed  at  flight  altitude  and 
M  *  airplane  Mach  medlar 

In  charting  the  results  Kane  found  that  the  in¬ 
equality  was  in  error  by  a  factor  of  2.  The  error 
stMnad  free,  the  Ssiluf#  to  ashstitute  the  expres¬ 
sion  far  tos  f  ,  which  is  a  function  of  r,  into  the 
exp  ression  for  014x1  /dz  before  integrating  with 
respect  to  «.  Th#  correct  result  is 

-hs/a  >  1  -  M. 
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A.K.C.  *3  W),  March  11,  19M,  (Also' see  J.  Fluid 

»?<*,,  voi.  if,  P.  sag,  mas 

9»  purpose  of  tola  paper  i#  to  p»»#i  a  theory 
sdiito  explains  tne  experimentally  observed  fins 
«li  s.'turc  of  an  H-wavn  which  has  feser,  distorted 
by  ateMpnerle  turbulence.  Th*  following  fiv* 
aaperxaft tally  tesarmd  «haracto*ictiss  an  wad 
as  clues  to  th#  origin  of  tit#  experimentally 
4,»«rv*d  fin#  itnebut! 


Cli  Porturbat ; on*  fro*  u.t  basic  M-snape  ar« 
randoo. 

(2)  Tho  arspil tude  of  the  pressure  perturbation 
at  the  leading  or  trailin'.  «hort  tend*  to  J» 
large,  often  comparable  to  the  pressure  jump 
that  would  have  occurred  across  an  undefanasd 
shock.  The  amplitude  of  the  perturbations 
decreases  rapidly  behind  the  shack. 

(3)  The  duration  of  the  spike  behind  a  shock  is 
very  short,  say  5-30  ms,  corresponding  to  a 
length  scale  In  the  incident  pressure  wave 
of  5-30  feet.  The  duration  and  length  scale 
of  th#  spikes  increase  steodily  behind  the 
shock,  but  the  duration  of  a  spike  is  never 
more  tnan  a  small  fraction  of  tho  total 
duration  of  the  H-wave. 

(4)  The  perturbations  associated  with  toe  leading 
shock  are  exactly  the  same  as  those  associated 
with  the  trailing^  short. 

(5)  la  pressure  signatures  neasared  at  elevated 
stations#  the  perturbations  associated  with 
the  leading  and  trailing  short*  of  the  inci¬ 
dent  wave  are  toe  sans?,  toe  perturbations 
associated  with  the  wo  sbackM  of  toe  re  fiesta 
wav#  az#  also  toe  same  as  each  other,  but  toay 
often  bear  little  resenfclaf.ee  to  toe  pertur¬ 
bations  associated  with  th#  incident  w-wave. 

Acoustic  scattering  theory,  stu'i-d  by  Idghthili 
(see  capsule  summary  P-3),  Batchelor  'see  capsule 
WW)  P-15),  and  others  is  applied  to  explain  to* 
fir  attributes  listed  above.  Th#  turbulence  is 
assisted  to  be  concentrated  near  toe  ground  in  a 
boundary  layer  of  thickness  much  less  than  toe 
altitude  of  toe  airplane  and  also  much  less  than 
to#  scale  height  of  the  atmosphere. 

Two  kinds-  of  scattering,  inertial  scattering  and 
thermal  scattering,  are  treated,  toe  equations  for 
inertial  and  thermal  scattering  are  derived  separ¬ 
ately  from  toe  continuity  and  momentum  equations, 
and  then  confeinsd  into  a  comprehensive  scattering 
equation  under  the  assinption  that  to*  scattered 
waves  are  a  small  perturbation  os  toe  incident  wave 

inertial  scattering  is  the  generation  of  acoustic 
waves  by  toe  interaction  of  sound  and  turbulence. 

As  an  R-waw#  passes  a  turbulent  eddy,  it  causes  a 
change  in  to#  local  BM«i@  flux  and  consequently 
■  change  in  to#  local  pressure.  The  pressure  change 
then  radiates  away  as  an  acoustic  wave. 

The  essential  idea  underlying  thermal  scattering 
i*  that  to*  heated  fluid  is  ires  to  expand  so  that 
to#  tensity  and  to#  speed  of  sound  are  affected  but 
not  th#  pr*s«ura.  Fluctuation*  in  the  velocity  and 
pressure  are  therefore  associated  strictly  with  the 
acoustic  wave,  whereas  fluctuations  in- density  ur»i 
to#  speed  of  sound  asm  caused  almost  entirely  by 
to#  taaforature  inhoBogenaities. 

In  oereMttlsn  with  an  incident  plane  w»v»  it  is 
teams  that  toe  only  casporsent  of  turbulent  velocity 
tost  contributes  so  scattering  is  the  one  nernai  to 
to#  snort  and  that  normal  velocity  fluctuations 
and  thermal  fluctuations  scatter  in  exactly  too 
•ant  aanwr  in  a  perfect  gas.  It  i*  also  shown  that 
Inertial  scattering  is  ser#  i^artant  than  thermal 
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a*  first  topic  treated  is  scattering  from  a  weak 
shock .  An  exact  solution  of  the  scattering  equation 
is  derived  iduch  is  finite  at  the  shock  and  every¬ 
where  behind  it.  this  solution  is  in  the  form  of  a 
surface  integral  over  a  paraboloid  of  dependence 
whose  focus  is  the  observation  point  and  whose 
directrix  is  the  shock.  A  sketch  of  the  paraboloid 
of  dependence  which  was  taken  free*  this  paper  is 
shown  below.' in  this  figure  O  is  the  point  of  the 
observer  and  S  S*  is  the  shock.  The  solution  is 
found  to  degenerate  at  the  shock  into  the  result 
given  by  ray  acoustics. 
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hnkalrmt  of Dependence 

The  prediction  Of  the  scattering  theory  is  then 
checked  to  see  if  it  explains  the  five  characteris¬ 
tics  of  the  »-«■«  perturbations  listed  earlier. 

The  following  qualitative  explanations  are  arrived 
at  Ming  this  theory,  the  nurfccr*  corresponding  to 
the  nusksers  gives  earlier: 


III  me  perturbations  are  raados  because  the  Matt 
tmprrature  and  velocity  fields  merely  focus 
or  defeat*  the  g-wave  uniformly. 

C2)  me  aorturbations  are  large  because  a  large 
nssfear  of  individually  weak  interactions 
contribute  to  the  scattered  wav*.  Irvdi  viiijxl 
-  interactions  are  s-.l  1  but  their  t»  is  large, 
me  perturbations  decrease  with  tint  after 
th_  passage  of  the  shock  because  the  inter¬ 
action  is  weighted  with  a  factor  that 
approaches  infinity  as  the  distance  between 
the  observer  and  the  shock  approaches  rato. 

<31  Th*  iengtn  scale  of  the  perturbations  is  snail 
because  a  anal.’  change  in  the  distance  between 
the  observer  and  the  shock  brings  about  a  such 
larger  change  in  eh*  position  of  the  surface 
of  the  paraboloid  of  dependence.  The  fine 
structure  of  an  fl-ww  is  a  highly  compressed 
and  distort ed  i snjn  of  the-  turbulence  that  ths 
*mm  has  encounter*!. 


given  tine  after  the  passage  of  Ow  trailing 
shock  com  fro*  the  sane  paraboloid  at  depen¬ 
dence  a*  those  waves  that  arrived  a  aiailar 
tine  after  Use  passage  of  the  leading  shock, 
me  two  paraboloid?  ate  separated  by  the  pas¬ 
sage  tiae  of  the  s-wave,  but  mis  tiae  is  cot 
enough  for  wind  to  carry  eddies  a  sigrafi- 
cant  distance  through  the  surface  of  a  given 
paraboloid, 

<51  A  microphone  on  a  tower  records  different  spikes 
behind  incident  and  reflected  shocks  because 
me  corresponding  paraboloids  of  depasdence  do 
pot  coincide.  This  is  because  the  paraboloid 
of  dependence  reflect*  fro*  the  ground  just  a» 
the  shorn  does. 

The  analysis  then  becomes  sore  quantitative-,  and  it 
i*  shown  that  the  sain  sources  of  preMure  signatur* 
spike*  are  eddies  in  the  Kolnogoroff  inertial  sub¬ 
range.  It  is  also  shown  that,  for  almost  all  separa¬ 
tions,  h»  between  the  shock  and  the  efcsorvation  point, 
the  nean  square  pressure  perturbation  equals  (dpi 2 
(hc/h)^6,  where  Ap  is  the  pressure  jeep  across  tho 
shorn  and  hc  is  a  critical  distance  predicted  in 
teres  of  meteorological  conditions,  finally,  a 
frequency  analysis  shows  that  scattering  can  con¬ 
siderably  augment  tho  psychological  iapact  of  a 
sonic  boom. 

The  theory  of  the  present  paper  was  qualitatively 
substantiated  in  later  investigations  by  Bauer  and 
Bagley  (see  capsule  summary  P-lH;  and  by  Kaaali 
Pierce  (see  capsule  smeary  F-133J . 

This  is  a  very  significant  paper  in  the  develoosent 
of  sonic  boos  propagation  theory.  It  goes  far  beyond 
all  previous  papers  in  showing  how  the  fine  acruetura 
of  distorted  H-vaves  can  be  explained  by  acoustic 
scattering  theory.  | 
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A  seciianisn  is  presented  in  this  paper  whicr.  Inter- 

prsts  the  spikes  on  sonic  toos  sresa ur®  aigaatur®* 

as  being  due  to  the  siiwltaBeoas  diffraction  and  j 

focusing  of  a  nearly  planar  B-wav»  fey  an  ifihosat- 

geneous  layer  in  the  atmosphere.  This  p*cr.ani#« 

is  consistent  with  the  theory  that  tea  eauso  of 

the  spikes  is  snail  reals  atmospheric  varieties* 

representing  deviations  of  the  atsMptiare  fron  » 

stratified  nediuo.  ; 

First,  a  brief  susmary  is  given  of  tee  relevant 

experimental  facts: 

{1}  The  spikes  always  appear  tmu  jm  leadirvo 

and  trailing  edges  of  would  normally  ot  i 

an  8-wave.  They  ar*  always  positive.  j 

(25  The  percentage  of  spiked  v«v*for«  observed 
or*  a  large  array  of  tlcrophcncs  during  a 
particular  flight  is  ralaeod  c?»  tec  stabii..-/ 
of  ths  lowest  portion  of  the-  iteoeprerr  C“  - 

3  la)  * 
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(}'  The rc  appears  to  !*  a  t»tt«r  than  50%  probs- 
eility,  that#  If  ©no  ait*  receive*  a  spiked 
orossasrie  signature,  an  adjacent  site  1200  a 
%>£  less  away)  will,  aisso  receive  a  spiked  wawe- 
tcm.  The  two  wsvafoms  say,  however,  b» 
quantitatively  oifforent.  in  the  spike  shape. 
Furthermore,  the  probability  of  htahiy  spiked 
waveforms  be  ins  observed  at  points  neater 
than  one  nils  apart  is  email. 

Mi  If  a  spiked  waveform  is  received  at  a  partic¬ 
ular  point  daring  a  given  experiment#  the 
repetition  of  the  sane  experiment  almost 
immediately  with  the  same  type  of  airplane 
and  t!it  same  flight  conditions  may  not  prodice 
a  spiked  signature  at  the  same  site. 

(is  files  a  spiked  waveform  is  observed,  computations 
based  on  existing  theories  general  if  agree  well 
with  the  signature  except  for  the  spikes. 

ifci  Spike  heights  range  up  to  1  psf  above  the 
normal  B-wave  profile,  and  their  widths  ate 
of  the  order  of  lo  msec  or  less. 

The  svehaaiss  developed  is  compatible  with  all  off 
these  characteristics . 

Tee  principal  tenet  of  the  theory  is  that  small- 
scale  atmospheric  variations  will  cause  a  normally 
ssaootfs  acoustic  wavefront  to  develop  ripples.  For 
relatively  thin  layers  and  weak  inbosogeneities, 
the  net  rippling  effect  is  explained  on  the  basis 
r.i  travel-tic®  variations  for  different  points  of 
the  wavefront.  Focusing  and  defocusing  result 
ffros  the  rippling  of  the  wavefront.  Focusing  results 
from  a  concave  ripple  and  de focusing  results  from  a 
convex  ripple. 

It  is  shows  that  the  net  effect  of  diffraction  is 
a  tendency  to  "wash  cut"  the  magnification  and 
de-agni fication  effects  associated  with  the  wavs* 
front  rippling.  However,  the  diffraction  is  most 
effective  for  the  lower- frequency  portion  of  the 
wovefora.  Portions  of  the  waveform  near  the  pres¬ 
sure  jumps  are  cospoaed  primarily  of  hitter 
freruonsies  and  accordingly  conform  to  geometrical 
acoustics.  Thus  diffraction  will  not  fee  present  at 
the  wave  onset,  and  one  would  accordingly  expect 
the  early  portion  of  the  waveform  to  fee  sensitive 
to  the  focusing  effect.  The  central  portion  is 
-oapoaed  of  lower  frequencies  and  is  therefore 
less  sensitive  to  any  effects  associated  with 
focusing  of  rays  from  a  limited  area  off  the  wave- 
front.  the  net  effect  when  diffraction  is  present 
and  when  the  ray  analysis  predicts  a  magnification 
Is  •  spiked  waveform.  The  same  argument  applies  to 
the  pressure  jump  at  the  trailing  edge  of  the  vave- 
f«ss.  This  mechanism,  therefore,  guarantees  that, 
if  a  spiked  waveform  is  predicted,  positive  spikes 
appear  s up^r imposed  on  each  pressure  jump.  The  time 
variability  of  the  waveforms  observed  during  con¬ 
secutive  experiments  is  attributed  either  to  the 
motion  of  the  atsospherie  irregularities  or  to  Mall 
variations  in  the  flight  oaths  of  the  two  t  lanes , 

It  is  pointed  out  hy  the  author  that  whether  or 
not  the  mechanism  discussed  in  this  paper  is  the 
principal  cause  of  expdftaeataUy  observed  spikes 
cannot  be  answered  with  certainty  because  of  the 
lack  of  detailed  knowledge  uff  ataospheric  inhumo- 
g*s#ities  and  of  a  detailed  solution  for  transient 
propagation  through  an  inhomogeneous  (not  stratified) 


atmosphere .  it  is  noted,  nowever,  that  tM  analysis 
presented  here  gives  no  indication  of  ooaffiiet  of 
the  theoretical  results  with  the  asfseriaBntJil  -  video;:* 
concerning  spiked  pressure  signatures . 

In  an  earlier  paper  {see  capsule  summary  P-T91  Chw 
developed  a  theory  for  explaining  th*  fine  structure 
of  distorted  fi-waves  that  differs  coBsideraoly  £roo 
the  one  presented  here.  Crow's  theory  is  based  upon 
acoustic  scattering  theory. 
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VARIATIONS  ASSOCIATED  WITH  ATMOSPHERIC  CWOITIOKS 

1.  E.  Garrick  and  D.  J.  Magliari 

NASA  TH5-4583,  Hay  19SS 

This  report  presents  a  summary  of  the  state  off 
knowledge  concerning  jtstospherie  effects  of  ate 
sonic  boom,  including  the  results  of  various  flight 
programs.  Topics  included  are:  fl)  effects  of 
atmospheric  turbulence  on  pressure  signatures# 

(2)  atmospheric  effects  on  energy  spectra  of  pres¬ 
sure  signatures#  (3)  lateral  spread  of  tonic  boos 
overpressure;  C4#  a  statistical  analysis  of  sonic 
boom  overpressures  and  positive  impulses;  15)  varia¬ 
tions  in  rise  time#  arid  (6)  as  evaluation  of  the 
effects  of  airplane  motion.  Ml  of  these  topics, 
except  the  last  two,  are  discussed  in  exactly  the 
sate  manner  in  a  previous  paper  by  Garrick  and 
HagUeri  (see  capsule  summary  P-€91 .  The  reader 
i*  referred  to  that  capsule  sumary  for  a  dissua¬ 
sion  of  there  topics.  The  last  two  topics  are 
summarised  below. 

f. 

Variations  in  rise  time  are  discussed  very  brief¬ 
ly.  The  figure  below  shows  data  for  a  B-Sfe  air¬ 
plane  at  an  altitude  of  approximately  42,000  feet 
and  a  Mach  cusfeer  of  1.65  for  measurement  along 
the  flight  track.  As  shown  in  the  sketch,  tie* 
time  can  be  defined  as  either  the  time  required  » 
to  reach  the  largest  overpressure  (solid  line) 
or  the  time  required  to  reach  the  first  peak. 

In  either  case#  the  histogram  shows  considerable 
variations  in  rise  tines. 
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This  brief  out#  preseats  the  results  of  a  sfcu% 
of  the  effects  of  winds  and  inhoeogeneous  aM*< 
there  on  sonic  booms  by  use  of  a  shock  saw* 
vertex  sheet  Interaction  concept.  “Si#  results 
of  this  investigation  are  presented  in  greater 
detail  in  an  earlier  paper  by  Pas  (see  capsule 
sisBiary  P-77) .  reader  is  referred  to  that 
capsule  soaswry  for  a  discussion  of  these 
results. 
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Urn  lhysi.es  of  Plaids,  Vol.  11,  tSo.  8, 

RttgaSE  1963,  |g».  1654-1C56 

sa  esttc?!si«n  of  tiie  concept  of  conservation  of 
acoustic  energy  to  a  flow  in  which  the  undis¬ 
turbed  flow  is  unsteady  is  made  is  this  paper. 
The  result  is  tnet  allied  to  a  ray  tube. 

For  a  motionleat  aadiam,  conservation  of  the 
Rayleigh  acoustic  energy  can  be  used  to  deter¬ 
mine  the  distribution  of  wave  intensities. 
Blokhinfcsev  (see  capsule  swoary  P-31  derived 
an  acoustic  energy  Invariant  for  the  case  in 
which  the  undisturbed  notion  of  the  medium  is 
steady.  The  present  paper  begin*  with  the 
hydrodyasBic  equations  and  solves  then  in  the 
context  of  geometrical  acoustics  (see  capsule 
suonary  p-90  for  a  discussion  of  Bayes*  treat- 
sent  of  geometrical  acoustics)  »  shew  that  the 
integral  of  the  quantity  E41  where  E  is  the 
classical  acoustic  energy  density  of  Rayleigh 
and  fi  is  a  frequency  variable  *•  swasured  by  an 
observer  swing  with  the  radium,  over  any  vol- 
vsm  whose  boundary  points  rove  with  velocity  £ 
is  invariant-  Hare  c  »  t;  *  u,  where  a  is  the 
speed  of  sound,  ft  -  unit  vector  Boreal  to  wave- 
front,  and  u  is  the  wind  velocity.  It  also 
noted  the  eF/0  is  conserved  if  f  is  any  scalar 
quantity  for  which  af/dt  *  0,  where  d/dt  * 

a/at  +  =*"- 

The  invariant  quantity  is  then  expreased  in 
teres  of  ray  tube  area.  With  ?Tj  the  area  of  a 
ray  tube  cut  by  •  wave  front,  the  quantity 
EaAp/R2  is  constant  along  a  r*y  (e  »  Rayleigh 
acoustic  energy  =  «0<52/2  *  p'*/a#b*©2»  whs  re 
R0  *  reference  dens i ty ,  Jc  »  reference  ipeo- ’ 
of  sound,  q  •  velocity  perturbation,  and  p*  * 
pressure  perturbation) . 
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PROPAGATION  or  THE  SOtilC  BjC«  1H  THE  REAL 

ATMOSPHEFE 

Antoni  Tarnogrodski 

XCAS  Paper  Ho.  88-32,  The  Sixth  Congress  of  the 

International  Council  of  the  Aeronautical  Sciences, 

Oeutscftes  Mueeun,  Munich,  Sermasy; 

September  9-13,  1968 

The  theory'  of  g-ometric  acoustics  is  used  to 
investigate  the  influence  of  vertical  tempera¬ 
ture  mA  wind  gradients  on  sonic  bam  propaga¬ 
tion.  G»ly  rays  in  the  vertical  plane  of  jam 
flight  path  are  considered.  The  sonic  boom 
intensity  is  not  determined. 

The  general  fore  af  Snell’s  law  for  aa  areos- 
p'.iern  with  horizontal  winds  is  used  {see  cap- 
aula  sasmary  P-1)  wither  with  the  differential 
equations  for  the  rays  and  paths  of  the  wavs  7 
f rents  to  get  parametric  equations  (in  teens  of 
the  inclination  angle  af  the  wavefront  nostal 
to  the  horizon tal)  for  the  path  of  as  elsent 
of  the  wav* front  and  for  the  wavefront  itself. 

five  different  atmospheric  models  are  then  e*cd, 
and  the  differential  equations  for  the  rays? 
•wavefronts ,  and  paths  cf  the  wavefront  and  the 
solutions  of  these  equations  are  given  hoc.  in 
tabular  and  grapoi  cal  fare.  These  fiw  aadeis 
ares  (1}  still,  bcffcgvr.eous  atmosphere;  (2) 

Still  atmosphere  nth  vertical  sound  *j»sd 
gradient;  (3)  still  atmosphere  with  alretMte 
vertical  sound  speed  gradient;  (4)  1  wgeasoos 
atmosphere  with  vertical  wind  velocity  gradient; 
and  (5)  atmosphere  with  both  sound  asd  wind 
velocity  gradient*. 

The  theory  used  in  tills  pages  is  not  am.  How¬ 
ever,  the  extensive  coi oblations  fail*  ef  tit* 
ray  paths  and  wavefront  expressions  for  various 
atmospheres  wire  of  potential  use  to  subsequent 
investigator.;. 

A  similar  but  less  extensive  invests gmtlon  of 
this  subject  is  presented  in  a  later  paper  by 
TatftogrodsJti  (see  capsule  suaaary  r-SSI . 
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DEVELOPMENT  OF  oCIJIC  BOCK  fRESSGRE  SIQSATuRES 

in  A  stratified  aisbsfwjs 

Raymond  L.  Barger 

JJASA  T*-O-4890,  Mcvesfeer  1968 

An  extension  of  Hhithaa’s  Ehsery  Csw  cac-yle 
s  incr/  G-3)  is  used  together  with  a  ray-cube 
“alnj  la  tier,  procedure  slftilar  to  that  wad  in 
an  earlier  paper  by  Kaxgar  ?sea  capsule  tvc=- 
sary  P-37)  to  describe  tfcs  duva lopsent  cf  a 
sonic  boos  pressure  signature  in  a  strati fi*d 
atsosptwre  with  horizontal  winds.  Thr«»Ao-ut 
the  analysis  the  atmospheric  variation  ,s 
ass-reed  to  bo  slight  over  a  distA^c*  of  the 
order  of  the  length  of  the  signature. 


The  basic  concept  wed  i»  to  start  with 
equation  for  a  sound  ray-  43  dutemited 
assusptioo  of  ordinary  acoustic  ptepaga 
and  then  sedify  the  iguium  by  res  lac’ 
expression  for  the  ur.dJ  rtuifrad  *wi 
tii*  actual  spesd  of  propagation  »■  ia£I 
by  ti,«  finite  ewtp^.MOT  in  the 
fol > i, j  approstwi.  or.  r rocf.-duro  : 
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ray  associated  with  a  point  o£  zero  overpres¬ 
sure  is  adopted  as  a  "typical"  ray  for  the 
signature  for  the  purpose  of  determining  the 
wavefront  normal  direction  and  the  ray  tube 
ccoss-sectionai  area.  Then  the  nonlinear  effect 
of  the  motion  of  the  other  points  of  the  signa¬ 
ture  relative  to  the  point  associated  with  this 
ray  is  determined  by  adjusting  the  speed  of 
those  points  to  account  for  the  finite  over¬ 
pressure  associated  with  them. 

First  an  expression  is  derived  for  the  time  at 
which  the  wavelet  associated  with  the  "typical" 
ray  arrives  at  a  level  z  units  below  the  plane 
z  -  0  of  the  airplane.  In  order  to  account  for 
the  finite  overpressure  associated  with  some 
other  ray.  the  undisturbed  speed  of  sound  is 
replaced  in  this  expression  by  the  actual  speed 
of  the  wavelet.  The  variation  of  overpressure 
along  a  ray  tube  is  then  determined  in  terms  of 
the  atmospheric  properties,  the  ray  tube  area, 
and  the  F-function  (see  capsule  summary  G-3)  of 
the  airplar«p.  These  quantities  are  sufficient 
for  calculating  the  pressure  signature  after 
the  ray  tube  area  and  the  direction  cosines  of 
the  wavefront  normal  are  determined  as  func¬ 
tions  of  altitude. 

Previous  theories,  st’ch  as  that  of  Friedman, 

Kane,  and  Sigalla  (see  capsule  summary  P-33) 
treated  the  wave  as  a  single  pulse  and  did  not 
account  for  any  details  of  the  nature  or  devel¬ 
opment  of  the  pressure  signature.  However,  the 
present  theory  does  account  for  the  changes  in 
signature  shape  as  it  propagates  away  from  the 
airplane. 

The  method  used  here  is  very  similar  to  that 
used  by  Hayes,  et  al.  (see  capsule  summary  P-98). 
However,  Hayes,  et  al.  incorporated  their  theory 
into  a  computer  program  which  greatly  simpli¬ 
fies  the  implementation  of  the  theory. 
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UNIFORM  RAY  THEORY  APPLIED  TO  SONIC  BOOM 

FROBLEMS 

M.  B.  Friedman  and  M.  K.  Myers 

NASA  SP-1B0,  Second  Conference  on  Sonic  Boom 

Research,  1968,  pp.  145-149 

This  paper  treats  the  propagation  of  shock  waves 
from  a  slender  body  of  revolution  moving  at 
supersonic  speed  through  a  stratified  medium  in 
which  the  ambient  sound  speed  is  a  mono  tonics  lly 
decreasing  function  of  altitude.  The  purpose  of 
this  work  is  to  develop  a  "uniformly  valid" 
theory  that  can  be  applied  to  predicting  sonic 
boom  strength  at  a  focus.  The  problem  is  treated 
using  a  first-order  Whitham  correction  to  the 
linear  field.  The  major  difficulty  arising  in 
such  a  procedure  is  the  development  of  a  uni¬ 
formly  valid  asymptotic  expansion  of  the  lir  lr 
field  which  is  appropriate  as  a  basis  for  the 
Whitham  technique  (see  capsule  summary  G-3) . 

Such  an  expansion  must  take  into  account  the 
interaction  between  diffraction  effects  attri¬ 
buted  to  the  medium  and  the  motion  of  the  body 
and  the  primary  disturbances.  It  must  also 
account  for  the  subsequent  occurrence  of  focus¬ 
ing  in  the  field  attributed  to  refraction  of 
the  signal  by  the  medium. 


metric  form  using  a  ray  technique  which  is  a 
generalization  of  geometric  acoustics.  The  major 
portion  of  the  existing  theory  at  the  time  this 
paper  was  written  was  concerned  with  problems 
involving  time-harmonic  wave  propagation.  Thus, 
a  major  effort  in  the  present  work  was  to  derive 
corresponding  generalizations  of  geometric 
acoustics  to  describe  the  propagation  of  arbi¬ 
trary  pulses.  The  process  of  developing  an 
asymptotic  theory  for  the  treatment  of  a  gen¬ 
eral  problem  is  shown  to  involve  several  stages 
employing  different  asymptotic  expansions.  The 
first  significant  stage  is  governed  by  diffrac¬ 
tion  effects.  A  second  is  associated  with  the 
formation  of  ray  envelopes  in  the  field  as  a 
result  of  these  interactions. 

As  an  illustration,  the  uniform  expansion  is 
used  to  apply  the  Whitham  method  to  a  two- 
dimensional,  wedge-shaped  airfoil  set  impul¬ 
sively  into  uniform  supersonic  motion. 

In  an  earlier  paper  Friecbnan  and  Myers  used 
linear  theory  to  investigate  focusing  (see 
capsule  summary  P-59) .  The  reader  is  referred 
to  the  capsule  summary  of  that  paper  for 
further  details  of  their  theory. 
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ATMOSPHERIC  EFFECTS  ON  THE  SONIC  BOOM 
I.  Edward  Garrick 

NASA  SP-180,  Second  Conference  on  Sonic  Boom 
Research,  1968,  pp.  3-17 

This  paper  presents  a  summary  of  the  knowledge 
concerning  atmospheric  effects  on  the  sonic  boom 
as  of  1968.  Topics  treated  are:  (1)  effects  of 
atmospheric  turbulence  on  pressure  signatures; 

(2)  atmospheric  effects  on  energy  spectra  of 
pressure  signatures;  (3)  lateral  spread  of  sonic 
boom  overpressure;  and  (4)  a  statistical  analy¬ 
sis  of  sonic  boom  overpressures  and  positive 
impulses.  This  paper  is,  basically,  a  condensed 
version  of  an  earlier  paper  by  Garrick  and 
Maglieri  (see  capsule  summary  P-69) .  The  reader 
is  referred  to  that  cipsule  summary  for  a  dis¬ 
cussion  of  the  results  of  this  paper. 
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MULTIPOLES,  WAVEFORMS,  AND  ATMOSPHERIC  EFFECTS 
A.  R.  George  and  A.  R.  Sttebass 
NASA  SP-180,  Second  Conference  on  Sonic  Boom 
Research,  1968,  pp.  133-144 

This  paper  is  concerned,  for  the  most  part,  with 
sonic  boom  minimization.  For  those  results  the 
reader  is  referred  to  capsule  summary  M-30. 

There  is,  however,  one  short  section  dealing 
wit)-,  atmospheric  effects  on  the  sonic  boom.  This 
section  presents  results  obtained  by  Flotkin, 
whic.'r  were  related  to  the  authors  of  this  paper, 
concerning  the  atmospheric  correction  factor. 

The  present  analysis  showed  agreement  with  the 
results  of  Randall  (see  capsule  summary  P-58) 
when  his  model  atmosphere  was  used,  and  essen¬ 
tial  agreement  was  found  with  the  results  of 
Kawwmra  and  Makino  (see  capsule  summary  l1 -70) 
for  a  standard  atmosphere.  The  rtav-ts  differ 
slightly  from  the  earlier  results  of  Kant*  and 
Palmer  (see  capsule  sunrtary  p-42)  ,  bn-,  fiese 
differences  are  only  of  the  order  of  or 
less. 


The  uniform  linear  field  is  obtained  in  a  para- 
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THE  ARAP  SONIC  BOOM  COMPUTER  PROGRAM 
Wallace  D.  Hayes  and  Rudolph  C.  llaefeli 
NASA  SP-180,  Second  Conference  on  sonic  Boom 
Research,  1968,  pp.  151-158 

This  short  paper  briefly  outlines  a  computer 
program  for  the  calculation  of  sonic  boom  sig¬ 
natures  on  the  ground.  The  atmosphere  is 
assumed  to  be  stratified  with  thermodynamic 
properties  and  horizontal  winds  functions  of 
altitude  alone.  The  signal  leaving  the  aircraft 
is  presumed  known  and  must  be  specified  as  in¬ 
put  to  the  present  program  in  terms  of  an  F- 
functron.  Tills  signal  and  the  aircraft  maneuver 
provide  initial  conditions  for  the  wave  propa¬ 
gation  which  is  given  by  the  theory  of  geo¬ 
metric  acoustics  (see  capsule  summary  P-98) . 

The  calculations  provide  ray  trajectories  for 
the  signal,  and  also  ray  tube  areas  to  deter¬ 
mine  the  strength  of  the  signal.  A  modification 
of  the  signature  is  made  with  the  help  of  an 
age  variable  to  account  for  nonlinear  distor¬ 
tion  and  the  presence  of  shock  waves.  Ray  tube 
areas  are  computed  correctly  according  to  geo¬ 
metric  acoustics  with  both  arbitrary  maneuvers 
of  the  aircraft  and  arbitrary  stratification 
taken  into  account,  and  actual  (midfield)  sig¬ 
natures  are  computed  without  the  common  sim¬ 
plifying  assumption  of  an  N-wave.  The  program 
simply  stops  when  a  caustic  is  reached,  and,  if 
a  ray  traveling  downward  becomes  horizontal,  no 
attempt  is  made  to  follow  the  propagation 
further,  and  the  propagation  computation  is 
stopped. 

The  program  input  data  and  the  program  output 
information  are  then  reviewed.  Some  selected 
results  obtained  with  the  sonic  boom  computer 
program  are  also  given. 

This  computer  program  was  published  later  in  a 
NASA  contractor's  report  (see  capsule  summary 
P-93) .  The  reader  is  referred  to  that  capsule 
summary  for  further  details  of  this  very  sig¬ 
nificant  work!  which  currently  form  the  basis 
for  all  correct  calculations  of  atmospheric 
effects  on  the  propagation  of  sonic  boom 
signatures. 

P-90 

GEOMETRIC  ACOUSTICS  AND  WAVE  THEORY 
Wallace  0.  Hayes 

NASA  SP-180,  Second  Conference  on  Sonic  Boom 
Research,  1968,  pp.  159-164 

This  is  a  short  paper  which  presents  the  theory 
of  geometric  acoustics  as  it  emerges  as  a  spe¬ 
cial  case  of  the  geometric  theory  of  general 
linear  wave  propagation,  it  is  pointed  out  that 
the  study  of  geometric  theory  of  wave  propaga¬ 
tion  of  any  type  starts  with  c  study  of  linear 
solutions  in  a  uniform  medium  which  are  propor¬ 
tional  to  functions  of  a  phase  variable  4  m 
k»  r  -  wt,  with  £  a  distance  variable  in  a 
suitable  euclidean  space  and  k  a  vector  wave 
number.  The  study  yields  a  relation  W”0(k), 
termed  a  dispersion  relation,  if  u  is  real  when 
k  is  real,  the  waves  are  termed  nondisslpative. 
The  solutions  obtained  are  solutions  Car  plane 
waves,  the  waves  being  planar  in  the  r  space. 

In  the  general  geometric  theory  for  nondissipa- 
tive  waves,  the  strict  conditions  above  are 


relaxed,  and  an  asymptotic  theory  in  a  slowly 
varying  nonuniform  medium  is  sought  for  which 
the  local  solutions  are  very  close  to  chose 
obtained  for  plane  wave3,  and  u  and  k_  are  con¬ 
sidered  large  in  some  relative  sense.  The  solu¬ 
tions  are  again  proportional  to  functions  (gen¬ 
erally  sinusoidal)  of  a  phase  variable  4tr,t) , 
and  also  to  slcwly  varying  amplitude  functions. 

An  approach  is  outlined  for  the  general  geo¬ 
metric  theory  for  nondissipative,  nondi spurs ive 
waves,  and  a  study  of  linear  in viscid  theory 
following  this  approach  led  to  the  conclusion 
that  its  geometric  theory  is  of  the  nondissipa¬ 
tive,  nondispersive  type.  The  perturbation 
velocity  £  and  the  perturbation  pressure  p'  aid 
related  by 

np'  -  pa  £ 

where  p  =  density 

£  =  unit  vector  in  direction  of  wave  vector 
and  a  =  speed  of  sound' 

The  dispersion  relation  is 

cn(n,r,t)  =  a(r,  t)  t  n  ,u_(r,t) 

where  n/en  »  inverse  phase  velocity 

and  u  is  the  undisturbed  fluid  velocity.  The 
group  velocity  is  given  by 

c  =  an  +  u 

The  quantity  constant  along  rays  is  pq2c  2  a  /w2a, 
where  A^  is  the  ray  tube  area.  n  n 

The  case  of  propagation  in  a  stratified  medium 
is  then  treated  briefly. 

The  theory  discussed  in  this  paper  Is  equivalent 
to  that  used  in  the  computer  program  developed 
by  Hayes  and  Haefeli  (see  capsule  summary  P-98) . 
However,  the  treatment  of  the  present  paper  is 
less  detailed  than  that  of  the  earlier  paper. 
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SIMILARITY  RULES  FOR  NONLINEAR  ACOUSTIC  PROPAGATION 
THROUGH  A  CAUSTIC 
Wallace  0.  Hayes 

NASA  SP-180,  second  Conference  on  Sonic  'doom 
Research,  1968,  pp.  165-171 

The  purpose  of  this  paper  is  to  examine  how  weak 
nonlinear  effects  are  to  be  taker,  into  account  in 
the  local  analysis  of  a  thin  region  including  a 
caustic.  A  caustic  in  geometric  acoustics  is 
defined  as  an  envelope  of  rays  and  also  i  locus 
of  wave  front  cusps.  A  point  on  a  caustic  is  one 
where  a  ray  tube  area  is  zero,  but  corresponds  to 
a  lowest  order  type  singularity  for  points  of 
zero  ray  tube  area.  A  parameter  R  is  used  to 
characterize  the  scale  size  of  the  caustics.  This 
scale  is  defined  in  terms  of  wavefront  shape. 
Interest  in  this  paper  is  with  acoustic  signals 
of  characteristic  length  L,  which  may  be  the  total 
length  of  a  sonic  boom  signal,  or  the  spat’.ai 
period  of  a  periodic  signal. 

It  is  stated  thst  when  the  ratio  L/P.  1-,  sufficiently 
small,  a  boundary-layer  approach  is  v.lid.  Separ¬ 
ate  inner  and  outer  solutions  must  be  carried  out 
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tildes  and  Mach  numbers  are  valid  also  at  much 
higher  Mach  numbers  and  altitudes. 


ar*l  matched.  The  outer  analysis  is  one  for  geometric 
.ii  uscics,  in  which  weak  nonlinear  effects  may  be 
taker,  into  account.  Thu  inner  analysis,  in  a  thin 
region  including  the  caustic,  is  a  3  analysis 
wjtn  stretched  coordinates.  As  stated  above,  this 
paper  esanif.es  how  weak  nonlinear  effects  are 
taken  int;  account  in  this  local  analysis. 

The  line  irized  potential  equation  in  modified  to 
include  the  caustic  behavior  and  to  t?ke  nonlinear 
effects  into  account  to  lowest  order.  The  main 
boundary  condition  is  one  describing  an  incoming 
signal  on  the  hyperbolic  side  of  the  caust.’-  .  In 
a  detailed  ana  vsis,  the  incoming  signal  -id 
be  described  in  terms  oi  the  theory  of  quasi  - 
linear  geometric  acoustics.  In  this  paper  *hc 
simpler  course  of  describing  the  incoming  s.gnal 
m  terms  of  linear  geometric  acoustics  is  taken. 

The  result  of  the  derivation  is  a  nonlinear 
Tricomi  equation  for  the  velocity  potential 
together  with  a  boundary  condition  which  enables 
it  to  be  solved.  The  resulting  solution  is  a 
function  of  a  basic  similarity  parameter  K. 

A  linearized  version  of  the’  nonlinear  Tricomi 
equation  is  then  studied,  since  in  studying  a 
nonlinear  proolem  which  reduces  to  a  linear  one 
in  some  limit,  it  is  essential  to  understand  the 
linear  problem. 

In  an  earlier  paper  (see  capsule  summary  P-59) 

Myers  and  Friedman  used  linear  theory  to  treat 
the  topic  of  ray  focusing,  the  present  method, 
which  takes  into  account  the  nonlinearities  at 
a  caustic,  should  give  a  better  description  of 
the  flow  behavior  at  a  caustic. 
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SOHXC  3COM  GROUND  PRESSURE  MEASUREMENTS  FOR  FLIGHTS 

AT  ALTITUDES  I!)  EXCESS  OF  70,000  FEET  AMD  AT  MACH 

HUMBERS  UP  TO  3.0 

Domenic  J.  Maglieri 

NASA  SP-180,  Second  Conference  on  Sonic  Boom 

Research,  1968,  cp.  19-27 

This  paper  presents  an  analysis  of  data  obtained 
during  the  Edwards  Air  Force  Base  Sonic  Boom 
Evaluation  Program  conducted  in  the  1966-1967 
time  period.  Sonic  boom  meausrements  ware 
obtained  from  3S  flights  of  an  SR-71  airplane 
at  altitudes  in  excess  of  70,000  feet  and  Mach 
n uniters  to  3.0.  Mo  unusual  phenomena  were 
encountered  for  the  extreme  altitude  and  Mach 
number  ranges  of  these  tests,  and  the  results 
fit  generally  into  established  pattern-.,  of  other 
available  sonic  boom  flight  data  from  F-104, 

B-53,  and  XB-70  aircraft.  The  results  were  as 
follows:  (1)  the  overpressures  were  a  maximum 
along  the  ground  track  and  dacrease  with  increas¬ 
ing  lateral  distance;  (2)  the  prediction  of  the 
lateral  cutoff  point  appeared  to  correlate  well 
with  the  data  for  the  Mach  number  and  altitude 
range*  of  these  tests;  (3)  a  statistical  analysis 
shewed  that  the  variability  in  the  positive 
i.irpul3e  of  the  pressure  signature  is  generally 
less  than  for  tne  associated  overpressures;  and 
(4)  in  general,  the  rise  time  per  unit  overpres¬ 
sure  increases  as  the  altitude  of  the  aircraft 
increases. 
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wave  scattering  due  to  turbulence 

G.  K.  Batchelor 

AIAA  Sonic  Boon  Theory  Seminar,  January  1969 

This  is  a  reprint  of  a  paper  written  by  Batcnelor 
in  1956.  The  reader  V9  referred  to  capsule 
summary  P--15  for  details  of  this  work. 
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VARIABILITY  IN  SONIC-BOOM  SIGNATURES  MEASURED 

ALONG  AN  8000-FOOT  LINEAR  ARRAY 

D.  J.  Maglieri,  V.  Huckel,  K.  R.  Henderson, 

N.  J.  McLeod 

NASA  TND-5040,  February  1969 

The  results  of  a  flight  test  investigation  of 
the  variability  in  sonic  boom  pressure  signatures 
are  presented  in  this  paper.  Measurements  from 
an  8000-foot  linear  microphone  array  indicate 
that  wavelike  overpressure  patterns  in  which  the 
signature  shapes  progress  from  peaked  to  rounded 
vary  with  time.  Such  variations  are  believed  to 
be  attributable  to  the  atmosphere  rather  than  to 
aircraft  motion.  Analyses  of  data  for  the  same 
instruments,  time  period,  airplane  altitude,  and 
aircraft  type,  and  for  Mach  numbers  of  1.3  and 
1.6,  suggest  that  a  leaser  variability  in  pres¬ 
sure,  impulse,  period  and  rise  time  exists  for 
the  Mach  number  1.6  dara. 

The  probability  of  equaling  or  exceeding  the  ratio 
of  measured  to  calculated  overpressure  impulse, 
and  time  durations  for  the  T~iG4  filter  airplane, 
were  determined  from  a  sample  of  more  than  2500 
data  points  for  different  operating  condition* , 
geographical  locations,  and  climatic  conditions. 
The  results  suggest  that  the  logarithms  of  these 
quantities  follow  a  normal  distribution. 

The  results  found  hero  agree  with  those  of 
earlier  investigations  (see  capsule  susewries 
P-81  and  P-65 ,  for  example) . 

P-95 

ON  THE  NONLINEAR  PROPAGATION  OF  SHOCK  WAVES  THROUGH 

NONUN I FORM  INCOMING  FLOWS 

Sheldon  Weinbaum  and  Arnold  Goldberg 

AIAA  Paper  No.  63-39,  AIAA  7th  Aerospace  sciences 

Meeting,  New  York  City,  New  York,  January  20-22,  1969 

this  paper  presents  an  analysis  of  the  propagation 
of  oblique  shock  wave  through  a  two-dimensional 
steady  non-uniform  incoming  flow.  A  higher  order 
theory  is  developed  to  tre»t  the  propagation  of 
an  incident  oblique  shock  wave  through  ir rota¬ 
tional  or  rotational  disturbances  of  arbitrary 
amplitude.  The  restrictions  of  this  theory  are; 

(1)  that  the  flow  behind  the  shock  ~ava  be  locally 
supersonic  as  seen  by  an  observer  fixed  sft 
reference  frame  of  the  shot*  wave;  and  (2)  thac 
the  strength  of  the  incident  waves  at  the  rear 
of  the  shock  front  be  small  compared  to  (a)  the 
strength  of  the  incoming  wave*  of  the  opposite 
family  that  pass  attenuated  through  the  shock 
front  and  ib)  the  emitted  waves  of  the  opposite 
family  that  are  produced  by  the  vorticity  or 
entropy  interaction  at  the  shock  front. 
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The  significance  of  this  short  paper  is  that  it 
demonstrated  that  the  results  concerning  propa¬ 
gation  of  sonic  booms  for  flight  at  lower  alti- 


These  basic  features  are  used  to  dei.'.ve  a  new 
shock  refraction  relation  for  steady  flows  of 
great  generality  by  combining  the  oblique  shock 
relations  with  the  characteristic  relations  at 
the  downstream  side  of  the  shock.  The  coefficients 
of  the  differential  equations  are  developed  as 
power  series  in  the  turning  angle  of  the  flow,  , 
about  the  local  conditions  upstream  of  the  shock. 
The  result  is  a  single  equation  relating  the 
differential  changes  In  turning  angle  of  the  flow, 
d$, "to  the  differential  changes  dpi,  d8i,  dMj,  of 
the  flow  variables  on  the  upstream  side: 

l 

-d8  «  r— - (h  ■  d$  *  b  •  dp,  +  a  •  c  *  p,  dM. ) 

h  *  apj  1  1  1  l 


where  a,  b,  c,  and  h  are  all  expansions  in  power 
series  of  8  and  ♦  with  coefficient  functions 
of  upstream  conditions  only.  The  downstream  flew 
condition  is  represented  in  the  equation  solely 
by  the  parameter  ♦  *  P*  /?_ ,  where  P  is  the  pressure 
end  are  coo  rdtn  Acs ‘based  on  the  the  charac¬ 

teristics.  This  equation  prescribes  the  complete 
shock  refraction  problem  for  the  general  class  of 
two-dimensional  flows  where  the  principal  shock 
interaction  occurs  with  the  oncoming  disturbed 
flow  ahead  of  the  shock  rather  than  with  the  flow 
behind  It  and  where  M2  >  1.  Analytic  and  numerical 
solutions  to  this  equation  are  presented  and  the 
results  given  and  compared  in  graphical  form  for 
the  following  nonuniform  flows:  (1)  a  supersonic 
shear  layer:  (2)  converging  or  diverging  flow: 

(3)  pure  pressure  disturbance;  (4)  and  (5)  Prandtl, 
Meyer  expansions  of  the  same  and  opposite  families, 
(6)  isentrcpic  non-simple  wave  region;  and  (7)  a 
constant  pressure  rotational  flow.  The  comparison 
betwuen  analytic  and  numerical  results  was  found 
to  be  very  good. 

Previous  investigations  of  the  effect  of  flow 
nonuniformities  on  the  propagation  of  shock  waves 
were  conducted  by  Crow  (see  capsule  summary  P-79) 
and  Pierce  (see  capsule  summary  P-80) .  These  two 
papers  were  written  with  the  purpoee  of  explaining 
atmospheric  distortion  of  sonic  boom  pressure 
signatures,  while  the  present  paper  deals  with 
shock  waves  in  general. 
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PROPAGATION  OP  THE  SONIC  BOOM  IN  THE  STILL 

ATMOSPHERE  WITH  TEMPERATURE  GRADIENT 

A.  Tarnogrodski 

Archive*  Mechaniki  Stosowane;},  March  1969,  pp,  271-279 

In  this  paper  a  still  atmosphere  with  constant 
vertical  temperature  gradient  is  considered,  and 
a  graphical  method  of  determination  of  reys  for 
arbitrary  motion  of  an  aircraft  and  a  simpla 
numerical  method  for  determining  the  wavefront  are 
presented. 

Parametric  equations  for  the  vertical  and  hori¬ 
zontal  coordinates  of  the  ray*  are  derived  from 
Snell's  law  (see  capsule  summary  P-1)  in  terms 
of  the  azimuthal  angle  and  Snell's  law  constant. 
Four  characteristic  cases  of  flight  are  than 
considered:  (1)  T  -  0;  (2)  T-«;  (3)  T-1T/2-#; 
and  (4)  T  »  */2,  where  T  -  angle  of  clisfc  and 
a  «  Mach  angle.  For  each  of  these  cases,  a  tabula¬ 
tion  of  the  value  of  the  constant  in  Snell's  law 
is  made  for  each  of  the  Mach  nueber  ranges  «  <  tr/4 
and  cr>*/4.  Knowing  this  constant  and  the  para- 
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aetric  equations  of  the  ray  allows  a  graphical 
determination  of  the  ray. 

Paraattric  equations  for  the  wavefront  at  a  par¬ 
ticular  iv.stant  are  derived  in  terms  of  the 
azimuthal  ^ngle  8  and  r,  which  is  the  time  at 
which  the  nose  of  the  airplane  passed  through 
the  starting  point  of  a  particular  ray.  Using  a 
relation  derived  between  tin:  .ind  inclination 
angle  #  and  the  parametric  equations  of  a  ray, 
the  coordinates  of  the  element  of  the  wave front 
in  the  vertical  plane  beneath  the  airplane  at  a 
given  time  can  be  ietfirmined. 

A  similar  but  mors-  detailed  investigation  was 
presented  in  an  earlier  paper  by  Tarnogrodski 
(see  capsule  summary  P-84) . 

The  case  of  a  still  atmosphere  with  a  linear 
vertical  temperature  gradient  was  treated  much 
earlier  by  Randall  (see  capsule  susnary  P-.'i). 

The  present  paper  merely  repaa“s  thi3  derivation, 
and  the  graphical  and  numerical  methods  developed 
hare  are  of  limited  use. 
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EFFECTS  OF  ATMOSPHERE,  WIND,  AND  AIRCRAFT  MANEUVERS 

ON  SONIC  DOOM  SIGNATURES 

R.  C.  Haefell 

NASA  Contractor  Report,  NASA  CF.-667.r,S,  April  1963 

The  computer  program  developed  by  Hayes,  Haefeli, 
and  Kulsrud  (see  capsule  sum-wry  P-98)  for  com¬ 
puting  sonic  boom  propagation  in  a  stratified 
atmosphere  with  wind*  is  used  in  this  paper  to 
obtain  results  for  a  wide  variety  of  aircraft 
maneuvers  and  atmospheres.  These  results  cover  a 
broad  scope  of  variation  of  tjramet.era  to  t>oiat 
out  significant  effects  and  parameter  sensitivi¬ 
ties,  and  to  provide  a  general  source  uf  data 
for  sonic  boom  evaluations.  Both  a  fighter  type 
aircraft  (F-104)  and  an  SST-type  (SCAT-idF)  were 
used  es  a  basis  for  these  calculations.  Complete 
F-functions  were  used  as  input  for  determining 
their  overall  pressure  signature:-  ns  distorted 
by  nonlinear  propagation  effects.  These  sionature* 
included  all  of  their  shock  waves. 

Parametric  data  are  presented  which  show  the  sonic 
bocn  overpressure,  the  length  of  the  signature, 
the  ray-travel  time  and  the,  ray-ground  distance 
for  various  **-;iosph«re*,  winds,  aircraft  Mach 
inhber?  «*„•  .•irltudi*.  f •nf-ures  of  the  digital 
program  are  demonstrated  showing  where  ray- 
g-.ourd  i  ■  -.sr section*  and  shock-ground  tt.ia rseetrons 
occur  fe*.  -urr  ruareuvers,  along  with  other  geo¬ 
metric  and  sonic  boom  characteristics. 

Comparison#  of  overpu eciures  with  previous  analytic 
results  are  made.  These  are  restricted  basically 
to  uniform  flight  innomoch  as  previous  analyses 
did  not  include  capabilities  for  calculating  over¬ 
pressures  for  general  aircraft  maneuvers.  They  do, 
however.  Include  variations  of  atmospheric  temper¬ 
ature  profile,  w/.m  speed  and  direction,  and 
aircraft  Rsch  nuaber.  The  agreement  with  the 
results  c  i  Kane  and  Palmer  (see  capsule  suaruuy 
P-42)  fo.v  those  uniform  flight  condition*  which 
were  examined  is  excellent,  although  differences 
were  found  for  some  condition#  near  rsy  focusing. 

Several  comparisons  of  overpressures  with  p«sv:jys 
experimental  results  for  accelerating  and  porpoising 


flight  are  also  'rtade.  For  tne  aec-slarr.ti.-.g  fiighs, 
good  agreement  with  nt'aaurad  overpressure  wv  j 
found,  except  a  displacement  of  about  2  miles  .n 
the  ground  location  wn>ch  cannot  be  explained  -  For 
the  porpoising  flight,  o  ignifleant  effects  of  the 
flight  path  angle  rath  on  the  si  -mature  shape  and 
overpressure  were  calculated,  although  no  such 
effect  was  found  in  the  flight  measurenents. 

The  results ‘concerning  the  pressure  signature 
variations  with  both  atmospheric  and  flight  con¬ 
ditions  are  summarized  as  follows: 

<Ii  For  the  airplanes  considered  the  variation 
of  the  signatures  with  aircraft  altitude  and 
propagation  distance  shows  that  a  large  part 
of  the  aging  of  the  signal  occurs  within  the 
first  few  thousand  feet  of  propagation  dis¬ 
tance.  The  pressure  signature  represented  by 
the  initial  F-function  distort*  very  rapidly 
and,  for  complex  F'f unctions,  multiple  shock 
waves  quickly  appear.  Some  of  these  shocks 
merge  as  the  wave  front  continues  to  travel 
through  the  atmosphere,  but  the  signature  at 
the  ground  need  not  be.  a  fully  developed  H- 
wave.  In  general,  aging  in  a  standard 
atmosphere  exhibits  an  asymptotic  limit 
whereas  in  a  uniform  atmosphere  aging 
increases  indefinitely. 

(21  Overpressure  ratios  are  not  independent  of 
aircraft  type,  so  that  detailed  evaluation 
of  sonic  boost  characteristics  stay  require 
data  to  be  generated  for  each  specified 
aircraft.  Also,  realistic  atmospheres  (such 
as  the  1962  U.S.  standard)  and  complete  sig¬ 
natures  should  be  used  for  specific  sonic 
boom  analysis, 

(3)  The  lengths  of  the  signatures  calculated 
with  realistic  atmospheres  are  shorter  than 

the  lengths  calculated  with  uniform  atmosphere*. 

(4)  Effects  of  wind-speed  profile  and  wind  direc¬ 
tion  were  also  analyzed.  It  was  shown  that 
highest  overpressures  occur  with  the  headwind 
for  rcy  paths  both  on  and  off  tha  flight 
track. 

(5)  Large  overpressures  may  result  from  longi¬ 
tudinal  acceleration,  pushover,  and  turn 
maneuvers. 

This  paper  fi-ea  an  excellent  job  of  demonstrating 
the  utility  and  validity  of  the  Hayes-Haefeli- 
k„};rud  computer  procram,  it  also  demonstrate, 
the  awtj racy  of  the  simpler  methods  of  Kane  and 
'/firm e  i,>  predietteg  ionic  boom  propagation  for 
uniform  flight  conditions  of  current  supersonic 

eirp'aiV'S. 
t- 9ft 

.suae  BUiM  PftCT'.V5AH0H  »J  A  STRATIFIED  ATHOSPIlEJV.' , 

«*l»  CO KKIttP.  PROGRAM 

W.  ddy.?-,  .1.  C.  Maefeli,  H.  E,  Kulsrud 
SARA  Contr.v-tor-  Report,  ha si*  CR<-1295,  April  1969 

Tonic  boom  propagation  in  a  horiz;ntally  strati¬ 
fied  atmosphere  with  winds  is  analyzed  in  this 
pepr,*,'.  ”  ’  *>-ilysiw  is,  to  some  extent,  a  synthesis 
of  established  tit-.,  r]  hut  with  many  new  feature*. 
Alsu,  *  computer  program  ,-i'sed  ,;rs  the  analysis 
is  give’. 
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The  report  is  divided  into  two  main  parts — om> 
giving  an  exposition  of  the  basis  theory  and 
development  of  the  equations,  else  other  describ¬ 
ing  and  listing  the  computer  program  and  present¬ 
ing  sample  resuits.  Hie  first  part  Bogins  with  a 
general  description  of  the  theory,  with  accent  on 
the  physical  reasoning  and  motivation  underlying 
the  analysis.  In  the  -ours*  of  the  mmlvtis,  brief 
statements  are  inclosed  an  its  application  in  the 
computer  program.  If,  addition  to  estrroiit  references, 
there  are  some  ruatsrtojl  ~jtcs  appeaSaS. 

The  second  part,  cosaming  at  tfl*  cwsmter  smitm 
,\nd  the  computation  regBltc,  i*clwd#s  *  ewisitet* 
description  of  the  wrtP  Mslsm  -j. sim  uw 

FORTS*!,*  nwwnclatJir*  uaei  for  -.■» *  f  VftFiablwS  and 

subroutines,  and  with  *  progti-,  iiatieg.  4*3®, la 
input  and  output  list! mb*  at*  .'■-ii.inS,  *r*i  t'/pt CO i 
computation  results  »n  pmrtteu . 

Hie  analysis  consist*  -si  "iireo  *t*o  part*.  Hw 
first  part  oaneorss  Bt*  of  u»  r.syr 

and  ray  tube  areas  tor  **»  ph**s  ion  refersne* 
phase) .  The  second  pert  ©oncer ns  ch*  mtmslaion 
by  linear  thory  rf  asauat-lc  signal*  slant!  each 
geometric  ray.  she  third  part  cow-'erns  tins  calcu¬ 
lation,  with  shocks  pwpwrt,  accounted  for,  of  the 
nonlinear  diatcrtlon  of  tr« i  signal. 

A  critical  assumption  i»  that  of  steady  ray  geometry, 
This  means  that  the  rays  corresponding  to  values  of 
the  phase  other  than  zero  follow  the  same  paths  &s 
do  the  rays  for  which  the  phase  is  zero.  Phase  is 
defined  here  as  the  time  measured  from  the  passage 
of  the  reference  (zero  phase)  wavefront.  The  justi¬ 
fication  given  for  this  assumption  is  the  thinness 
of  the  entire  wave  system  of  interest.  This  is  a 
result  of  the  fact  that  the  aircraft  length  is 
email  compared  with  other  macroscopic  characteristic 
scales.  A  ray  emanating  from  the  tail  is  simply 
uo  close  to  the  corresponding  one  of  zero  phase 
that  tha  difference  in  their  ray  paths  ray  be 
neglected.  Thus  this  assumption  is  sound  even 
though  the  problem  with  a  maneuvering  aircraft 
is  not  c  steady  one.  This  permits  the  aircraft  to 
be  considered  as  a  single  moving  point  in  space. 

Thu  maneuver  of  the  aircraft,  which  is  represented 
by  a  reference  point,  is  required  in  details  Vari¬ 
ables  are  introduced  in  the  section  on  aircraft 
maneuvers  which  describe  the  trajectory  in  space, 
the  orientation  of  the  flight  axis,  the  velocity 
of  the  aircraft  relative  to  tho  local  atmosphere, 
and  the  local  sound  speed,  all  as  functions  of 
time  along  the  aircraft  trajectory  t4.  Time  deriva¬ 
tives  of  some  of  these  variables  are  also  determined 
for  later  use  in  the  ray-tube  area  calculation.  A 
Mach  cone  attached  to  the  nose  of  the  aircraft  Is 
visualized  at  each  instant  ta.  “he  normals  to  the 
Mach  cone  fora  a  one-parameter  family  of  directions 
forming  a  wave-normal  cone  with  the  -.orcsetez  being 
an  azimuth  angled  ,  The  two  quantities  t4  and  # 
are  the  parameters  used  to  characterize  the  ray*. 

Ir.  the  sect  ion  on  Mach  conoids  and  ground  inter¬ 
sections,  the  save  fronts  and  rays  from  an  aircraft 
in  suneuvering  flight  are  discussed  generally,  with 
particular  attention  to  the  intersections  of  thr 
rays  and  wave  fronts  with  the  ground. 

The  generators  o:  the  wave-normal  cone  at  tho 
aircraft  are  the  initial  wave  normals  for  the 
calculation  of  ths  rays.  The  orientation  of  these 


normals  is  Known  as  a  function  of  the  ray  parameters. 
Far  each  wave  normal  two  quantities  are  calculated 
which  are  invariant  on  rays  according  to  the 
appropriafe  Snell's  law.  These  invariants  are 
then  used  to  calculate  the  ray  trajectories. 

The  ray  tube  area  is  defined  as  that  given  by 
horizontal  cutting  planes.  An  analytic  expression 
for  this  area  is  obtained  in  terse  of  the  Maneuver 
variables)  certain  of  their  tin*  derivatives,  and 
three  quadratures  along  the  ray.  The  ray  tube 
area  is  thus  obtained  as  a  function  of  altitude 
along  each  ray  and  say  be  calculated  concurrently 
with  the  ray  tra jet tory. 

For  the  second  part  of  the  analysis,  the  flew 
close  to  the  aircraft  is  considered  first.  In 
particular,  the  asymptotic  fora  of  the  local 
solution  is  computed,  valid  at  a  distance  from 
the  fright  axis  large  compared  with  the  effective 
lateral  dimensions  of  the  aircraft  but  small 
compared  with  characteristic  scales  for  the  at¬ 
mosphere.  This  asymptotic  font-  of  the  local 
solution  is  interpretable  as  a  geometric  acoustics 
solution.  At  a  sufficiently  large  distance  r  in 
a  particular  direction  away  from  the  flight  axis 
of  the  aircraft,  the  solution  appears  the  sane 
as  that  from  an  equivalent  body  of  revolution 
(see  capsule  aumary  G-l) .  The  pressure  pertur¬ 
bation  fir.  the  asymptotic  solution  is  proportional 
to  z~if2  tines  a  function  P,  related  to  Hhieham's 
F- function  (see  capsule  sumary  G-3),  of  a  suit¬ 
ably  defined  phase  and  an  azimuth  angle  #r 
(sirgsly  related  to#).  This  F-function  depends 
also  upon  the  Mach  number  and  lift  coefficient 
of  the  aircraft,  which  are  functions  of  the 
tine  -j.  The  F-function  is  then  a  function  of 
phase  and  of  the  ray  parameters  and  #  and  is 
invariant  along  each.  ray.  It  is  obtainable  either 
by  a  computation  or  from  experiment.  It  is  assumed 
to  be  a  Known  function  in  the  computer  program. 

In  the  general  stratified  atmosphere  with  winds, 
the  phase  f  is  defined  to  be  the  time  reinsured 
by  an  observer  fixed  in  a  ground-based  coordinate 
system  and  defined  to  be  zero  the  instant  the 
zero-phase  wave  front  passes .  invariance  results 
of  Blokhintaev  (see  capsule  suewary  P-3)  are  used 
to  describe  the  acoustic  signal  in  terms  of  a 
function  Ve(f)  which  is  constant  a_  the  ray. 

The  function  F  is  then  expressed  as  a  function 
of  f,  and  the  relation  between  F  and  Vc  it  also 
found,  which  then  gives  the  function  ve(f)  for 
each  ray  (since  F  is  assumed  known).  The  relation 
between  Ve  and  pressure  porturbation  P  is  known, 
so  thatAP(f)  Is  determined  at  any  point  on  each 
geometric  ray. 

Id  the  third  part  of  the  analysis,  the  change  in 
propagation  speed  proportional  to  the  strength  of 
the  signal  is  considered.  This  nonlinear  effect 
does  not,  in  principle,  influence  the  magnitude 
of  the  pressure  perturbation  in  the  acoustic  signal. 
Rather,  it  causes  phase  shifts  in  the  signal, 
whereby  a  given  point  in  the  signature  may  appear 
earlier  or  later  than  predicted  by  the  linear 
theory,  In  terms  of  the  phare  variable  f ,  this 
phase  shift  equals  ve  times  an  "age  variable" 
f  which  can  se  computed  along  each  ray  by  a 
guadratut  *.  The  distorted  signal  appears  as  the 
original  one  Ve(f)  sheared  by  an  arwunt  propor¬ 
tional  to  r 


The  distorted  signal  may  be  multivalued  a;ia  may 
thus  give  several  values  of  the  pressure  pertur¬ 
bation  for  a  single  value  of  f  .  A  separate  analysis 
shows  where  shock  waves  must  lie  and  shows  which 
parts  of  the  signal  have  been  "eaten  up"  by  the 
shocks  and  no  longer  appear.  The  result  of  the 
analysis  is  the  complete,  single-valued  pressure 
signature  at  any  decired  point,  with  shocks  snewn 
if  they  are  present. 

The  theory  fails  near  a  caustic,  which  is  a  sur¬ 
face  in  space  at  which  the  ray -tube  area  becomes 
zero.  It  also  fails  near  the  boundary  of  a  shadow 
zone  into  which  no  rays  penetrate  and  may  fai i 
near  a  critical  ray  for  which  the  F-function  is 
singular  in  some  way. 

Friedman,  Kane,  and  Sigalia  (see  capsule  summary 
P-33)  had  previously  developed  a  computer  program 
for  calculating  the  propagation  of  sonic  booms 
in  a  stratified  atmosphere  with  wines.  Their 
method  wax  also  based  upon  the  theory  of  geometric 
acoustics.  However,  their’ method  assumed  an  H-w*ve 
pressure  signature  existed  over  the  entire  path 
of  propagation,  whereas  the  present  method  accounts 
for  the  variation  of  signature  shape  as  the  wave 
propagates  away  from  the  airplane  and  allows 
midfield  signatures  to  be  computed  at  any  altitude. 
This  is  a  very  significant  improvement. 

This  is  one  of  the  most  important  papers  written 
on  the  subject  of  sonic  boom  propagation.  At  the 
present  time  this  paper  exemplifies  the  state  of 
the  art  of  sonic  boom  theory. 

P-99 

PROPAGATION  Of  AN  N  WAVE  ACROSS  A  HOSUNIFOfcM  MEDIUM 
Y.  S.  Pan 

AIAA  Journal,  Vol.  ?,  So.  4,  April  1963, 
pp.  788-790 

This  short  note  presents  an  analysis  of  propaga¬ 
tion  of  an  S-wave  across  a  nonuniform  medium 
described  by  a  cloud  layer  or  a  front  layer 
based  upon  the  methods  of  geometrical  acoustics 
(see  capsule  summary  P-8) .  It  is  found  that  sub¬ 
stantial  variations  of  strength  of  the  front 
shuck  and  of  wave  shape  could  be  produced  by 
the  assumed  small  variations  of  refractive  index. 
The  vicinity  of  caustics  or  focal  points  is 
avoided  since  the  geometric  acoustics  approxi¬ 
mation  is  not  valid  in  those  regions. 

The  effect  of  a  horisontatly  stratified  atsue- 
phere  on  sonic  boons  was  considered  in  a  previous 
paper  by  Pan  (sae  capsule  suamutry  P-77).  However, 
the  significance  of  the  prosent  paper  is  that 
the  upper  edge  of  the  cloud  layer  is  assumed  to 
be  curved,  which  means  that  parallel  rays  enter¬ 
ing  the  layer  at  different  points  will  be  re¬ 
fracted  differently,  in  contrast  to  the  strati¬ 
fied  atmosphere  model  of  the  earlier  paper. 

This  was  the  first  attempt  to  explain  the  affect 
of  cloud  layers  and  fronts  on  sonic  boom  propa¬ 
gation.  However,  the  results  have  yet  to  be 
verified  experimentally. 

P-100 

A  PRELIMINARY  STUDY  CP  THE  ATMOSPHERIC  EFFECTS 
QH  THE  SONIC  BOOM 

K.  Angall,  s.  A.  Herbert,  w.  A.  Hass 

AGARD  Conference  Proceedings  No,  42,  May  i960, 

pp.  26-1  through  26-11 


fce  ft  n 


T-.i'  ji  exactly  the  sa»o  a*  a  later  paper 

■-inch  appeared  in  the  Journal  of  Applied  Mete¬ 
orology  (see  capsule  sunnary  P-103) .  The  reader 
is  referred  to  that  capsule  summary  for  details 
of  this  work. 

P-lOi 

GROUS'D  CONFIGURATION  EFFECTS  ON  SONIC  BOOH 
D.  Dini  and  X.  flutl 

AGARS  Conference  Proceedings  .’Jo.  42,  May  1969, 
pp.  25-1  through  25-29 

The  effects  of  reflection  and  diffracvion 
resulting  from  vinous  ground-building  configu¬ 
rations  on  the  intensity  of  sonic  boons  are  ana¬ 
lyzed  in  this  paper.  Many  other  aspects  of  the 
sonic  booa  problem  ate  also  discussed. 


It  is  shown  chat,  frost  a  general  point  of  view, 
tno  ground  configuration  regarding  large  areas 
has  no  predominant  effect  on  the  sonic  fcooa. 

•forte  sort  of  multiple  echoes  on  rough  ground, 
building  populated  areas,  concentration  of  dif¬ 
ferent  slope  and  orientation  surfaces,  mountain 
peaks  and  cavities  stay  amplify  considerably  the 
sonic  boos  effects  on  people  and  structures.  But, 
essentially,  the  ground  configuration  effects  in 
their  dangerous  actions  are  concentrated  in  small 
regions,  where  energy  froa  incident  and  reflected 
waves  is  crefisined.  In  these  saall  regions  the 
local  overrrossures  may  reach  unpredicted  valuer 
much  acre  turn  twice  the  incident  ones.  A  very 
skstchy  discussion  of  experimental  data  showed 
that  on  certain  occasions  the  overpressure  watt 
quadrupled  or  aore.  Twice  the  normal  overpressure 
was  recorded  fairly  often.  {The  circumstances 
under  which  these  measurements  were  obtained  are 
not  discussed-} 

Brooks.  Beasley  and  Barger  {see  capsule  summary 
P-112)  used  *  spark -generated  H-wave  to  test  the 
effect*  of  reflection  and  diffraction  by  build¬ 
ings  or.  the  intensity  of  sonic  booms.  Their 
results  showed,  among  other  things,  that  there 
is  a  region  of  increased  overpressure  near  the 
forward  base  of  the  building,  which  agrees  with 
the  findings  of  this  paper.  Brooks,  et  al.,  treat 
the  subject  of  building  reflection  and  diffrac¬ 
tion  effects  in  much  more  depth  than  thet  of  the 
present  paper,  hewever. 

P-132 

A  LABORATORY  INVESTIGATION  OF  N-WAVE  FOCUSING 

Jf.  D.  Beasley,  J.  0.  Brooks,  and  R.  L.  Rogers 

NASA  Technical  Hot*,  NASA  TH-D-S306,  July  1969 

The  results  of  a  laboratory  investigation  of 
the  focus;  ing  of  an  H-wave  at  a  point  and  along 
a  line  are  presented  in  this  paper.  The  H-wave 
was  created  by  •  spark  at  the  focus  of  a  para¬ 
bolic  mirror  which  reflected  the  H-vov*  as  a 
plane  wave  and  directed  it  toward  the  focusing 
mirror.  Microphone  traces  of  the  signature  were 
obteined  for  various  positions  of  the  wave 
relative  to  the  focus,  and  schlieren  photo¬ 
graphs  of  the  passage  of  the  H-wave  through 
the  line  focus  were  obtained. 

The  results  indicated  that  shock-wave  behavior 
in  the  vicinity  of  a  point  or  a  line  focut  fol¬ 
lowed  the  laws  of  geometrical  acj-istlcs.  When 
a  spark-produced  wave,  having  an  amplitude  of 


the  order  of  that  produced  on  the  ground  by  a 
supersonic  flight  (about  2  psf} ,  was  reflected 
fro*  a  two-dimensional  parabolic  mirror,  a  line 
focus  was  produced.  When  the  wave  passed 
through  the  focus,  it  underwent  a  componentwise 
shift  in  phase  of  a/2  radians.  Hie  correspond¬ 
ing  experiment  performed  with  a  three-dimensional 
mirror  gave  a  phase  shift  of  e  radians  resulting 
in  a  complete  inversion  of  the  wave.  Although 
the  data  indicated  the  occurrence  of  significant 
amplification  in  the  vicinity  of  a  focus,  the 
very  large  amplitudes  predicted  by  ray-tube 
theory  were  not  obtained.  These  similitudes  were 
influenced  by  such  factors  as  the  wavelength, 
microphone  response,  mirror  astigmatism,  and 
mirror  dimensions.  Consequently,  the  authors 
felt  that  it  was  doubtful  that  any  conclusions 
concerning  the  variation  of  amplitude  in  the 
neighborhood  of  th*'  focus  of  s  wave  resulting 
from  a  supersonic  flight  could  be  drawn  from 
these  results. 

The  main  significance  of  this  paper  lies  in  the 
finding  that  the  phase  shift  of  a  wave  when  it 
passe*  through  a  focus  is  the  s am*  as  that  pre¬ 
dicted  by  geometric  acoustics,  whithaes  (see 
capsule  siaamarv  P-17}  had  earlier  derived  a 
theory  which  predicted  chat  the  inherent  sta¬ 
bility  of  plane  waves  would  preclude  focusing, 
which  is,  of  course,  contradictory  to  the 
results  jf  thin  paper.  Friedman  (see  capsule 
summary  P-27)  had  also  predicted  that  complete 
focusing  of  a  wav*  would  not  occur.  The  figure 
below,  idiich  was  taken  from  this  paper,  shows 
the  essential  difference  between  the  ’■heorias 
of  Uhlthaa  and  friecktan  on  the  one  hand  and 
geometric  acoustic*  on  th*  other. 

-  >——■■■  Shock  front 
- Ray 

- ►  ■  Direction  of  propagation 
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*-*ter  numerical  work  by  Parker  and  J.iicah  (see 
capsule  summary  P-161)  indicated  that  the 
Wiutnam-Friedaan  process  was  correct  in  the 
case  of  strong  shocks  and  the  geometric  acoustics 
process  was  correct  for  weak  shocks.  Since  a 
shock  with  an  overpressure  of  2  psf  can  hardly 
be  considered  to  be  strong,  the  result*  of  the 
present  experiment  are  in  agreement  with  the 
findings  of  Parker  and  Zalosh, 

This  paper  is  significant  in  that  this  wa*  the 
first  attempt  to  experimentally  determine 
whether  or  not  complete  wave  focusing  actually 
occurs . 

P-103 

A  PF£L!M  IHARY  STUDY  OF  ATMOSPHERIC  STECTS  OH 
THE  30!!  1C  BOOM 

S.  A.  Herbert,  H.  A,  Hass  and  J.  K.  AngeU 
Journal  of  Applied  Meteorology,  Voi.  8,  Aug.  1969, 
pp,  619-626 


**ry  R-S7J  .  and  Randall  (arte  capsule  summary  , 

The  nomenclature  of  the  equations  is  standardised, 
and  it  ia  shown  that  the  Hayes  and  Baroej  equations 
are  equivalent  to  Randall's  ray-tube  area  equation, 
and,  after  a  correction  to  Friedman's  equation  ie 
made,  it  is  shown  to  be  equivalent  to  the  Boeing 
equation. 

The  Boeing  equation  is  the  siopiest,  involving  a 
ono-diaensional  area,  while  Randall's  is  two- 
dimensional.  J.ii  ley's  ray-tube  area  equation  takes 
into  account  the  curvature  of  the  shock  front,  hat 
may  need  to  be  corrected. 

The  affect  of  the  Boeing,  Randall,  and  Li  1  ley  ray- 
tube  area  equations  on  sonic  fcoc-i  overpressures 
was  considered.  It  was  found  that  the  Boeing  ray- 
tube  are*  aquation  results  in  only  about  2  percent 
greater  overpressures  than  Randall’s  in  a  standard 
atmosphere  with  no  wind,  Lilley's  equation,  how¬ 
ever,  gives  a  14  percent  greater  overpressure 
than  Rande-U’s  at  Hath  1.2. 


Atmospheric  effects  on  sonic  booms  are  investigated 
in  this  paper  by  analyzing  more  than  4000  pressure 
signatures  generated  by  F-104,  8-58,  and  xb-70  air¬ 
craft  during  the  fail  and  winter  of  1966-67  at 
Edwards  Air  Force  Base.  The  airplanes  flow  steady, 
level  flights  at  various  Mach  numbers  over  a 
microphone  array. 

The  computer  program  of  Friedman  (see  capsule  sum- 
nary  P-47)  is  tested  against  the  nrui  observed 
overpressure  on  the  erray  and  is  found  to  be  in 
error  by  an  average  of  10%  when  thr  maximum  observed 
overpressure  is  derived  from  the  positive  inpul  ite 
area.  The  pressure  signatures  are  grouped  into 
three  categories,  so  that  •'spiked"  signatures,  which 
constitute  the  largest  deviation  from  the  swan, 
nay  be  studied  as  *  function  of  local  weitivr  con¬ 
ditions.  Good  correlation  is  found  between  the  depth 
of  the  jurfacse  mixed  layer  and  the  percentage  of 
sp:  ted  signatures.  Under  essentially  surface- 
aversion  conditions  there  were  no  spiked  traces 
and  92%  of  trie  traces  were  'our.Jed.  However,  when 
*.:>ere  we*  a  deep  mixed  laye-,  23%  of  the  traces 
were  spiked  ntrd  only  41%  were  rounded.  The  vari- 
Uiility  of  the  maxims  overpressure  was  also  found 
t-  increase  with  an  increase  in  low-i«vel  wind 
spued.  It  is  concluded,  as  a  result  of  these 
findings,  that  turbulence  in  the  planetary  boundary 
layer  is  the  main  cause  of  spiked  signatures  and 
the  associated  largs*  variation  ir.  naxiewn  over¬ 
pressure.  Sam  evidence  was  also  found  that  waver 
within  at'  ..eversion  ->>ntribute  to  overpressure 
variability  on  a  larger  scale. 

^  Ta-er  paper  by  Herbert  (see  capsule  summary 
P-110,-  also  deals  with  the  material  presented 
here.  ;he  reader  is  -eiorrei  to  the  capsule 
suwsari  of  that  paper  for  further  details  of 
this  war.  . 
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SCPfE  ASPECTS  CF  THE  THEORY  vF  £OHsC  BOOM  PROPAGATION! 

THROUGH  THE  ATMOSPHERE 

G.  T.  Haglqnd 

Boeing  Document  D6-)  S607  TP,  Sept.  29.  1963 


A  comparison  of  the  Boeing  and  Friedman  computer 
models  with  actual  data  shewed  that  the  Booing 
model  is,  in  general,  sore  accurate  than  the 
Friedman  model.  The  average  absolute  deviation  of 
the  Boeing  sewie).  predicted  overpressures  from  the 
observed  overpressures  were  about  0.2  csf  or  ibout 
20  percent  average  error.  However,  large  deviations 
were  cowsor.  and  were  attributed  to  ssall-Scals 
aatwpheric  effects,  for  which  the  asdais  do  not 
account,  it  is  concluded  that  tbs  Boeing  cod si 
rccoun is  for  tie  large-scale  atmospheric  effects 
correctly,  bn  t iie  averrsg* .  while  the  Priedssar. 

»»idel  has  errors  in  its  ray-tube  area  and  over¬ 
pressure  equations,  and  the  aircraft  volume  and 
lift  effects  nr-ed  improving.  The  Rand*  11 -Kaye* 
expression  is  star,  JWrsr  ccasplete  than  the  Bnemg 
expression,  fwwevax,  n4  is  new  the  one  that  is  is*, 
general  use. 

Tils  is  an  excel lent  caper,  cuireloting  aa  it  does 
the  myriad  off  expw.*  slows  than  have  been  derived 
/or  the  ray-tuE*  aru*. 

P-lOf, 

imxPS  OF  AS  ISlBAMfC.  15!HD)M!SSa:Ct.'»  ATMOSPHERE 

6.1  f»«C  BOTH 

«.  r.  3fer*ki-rth 

Journal  of  Aircraft,  Vol .  e,  :b>.  5,  s*p t.-Dct.  J.9tVf, 

t>p,  4’7-4?g 

The  purpee*  of  tniR  paper  wax  to  obtain  mereitental 
effect*  on  ft*ys(jtotic  pressure  waves  dpe  t o  tewpar- 
sours  gradients  and  winds  by  aSHuaing  that  these  can 
bi  separated  from  thorn  due  to  atmospheric  pressure. 
This  was  accosEiUahad  by  considering  the  special 
case  of  a  stratified  atmosphere  having  no  vertical 
pressure  grad  lent.  This  resulted  in  *r<  important 
sispli  { of  the  governing  equations.  Since 
tie  real  atmosphere  is  far  from  being  isobaric, 
only  riie  surface  layer  near  the  ground  was  con¬ 
sidered,  the  vortical  extension  of  which  is  much 
ns  -tiler  than  tha  normal  flight  altitude*  of  super¬ 
sonic  aircraft,  -this  layer  is  dominated  by  influences 
of  weather  and  exhibits  noticeable  change*  in 
temperature  and  wind. 
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A  detailed  a-  ’ysis  of  six  different  ray-tufce  area 
aq-.iationa  it  t.*es<mt*d  in  this  document.  The  equa¬ 
tions  analyzed  are  thoss  of  Barger  'see  capsule 
suseiary  P-8S) ,  do* It,.;  (seo  capsule  siresary  P-33), 
Friedaa.i  (see  capsule  summary  p-o?) ,  Hayes  (see 
capsule  nussnary  '-33),  tin  y  (see  :*p.ul#  sun- 


The  prosism  was  described  by  a  simple,  analytic 
equation  that  relates  the  intensity  of  the  com¬ 
pression  wav*  to  the  local  Mach  number  M  of  the, 
freestraaa.  This  equation  i*i 


,  ,  ,  1/4 

-  n/v  |(v  •  l)/(s‘  *  *)! 

4:  ■  pressure  chan ^  across  tlie  wave 

M  ■  Mach  nu&ec 

H  ,  p  are  initial  values 
0  o 

Ussr.c  this  equation,  the  strength  of  the  sonic  boos 
on  the  ground  can  be  determined  as  follows:  (1  j  The 
strength  of  the  sonic  boo?,  on  the  ground  is  calcu¬ 
lated  using  one  of  the  we  1 1 -known  methods  for  a 
standard  atmosphere  (see  capsule  summary  P-33,  for 
exanplet .  This  corresponds  to  a  set  of  initial 
values  M  ,  AP  t  (2;  Then  the  deviations  from  the 
staniird  atmosphere  in  the  weather  layer  due  to 
wind  and  to  temperature  changes  are  converted  to 
changes  m  Mach  niaabsr.  AM  nay  be  either  negative 
or  positive,  depending  on  the  directions  of  the 
temperature  gradient  and  winds  (3!  having  the  new 
Mach  number  h  -»  M  ♦  AM,  the  corresponding  pres¬ 
sure  change  AF  of  the  sonic  boom  can  be  determined 
f;cs  the  above  equation. 

Pan  presented  a  similar  simplified  method  of  deter¬ 
mining  the  effect  of  winds  and  inhomogeneous 
atmosphere  on  sonic  booms  (see  capsule  summary  P-7?) , 
However,  Pan's  method  requires  the  numerical  evalua¬ 
tion  of  a  series  of  n  products,  while  the  present 
technique  does  not. 
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SONIC  £COM  WAVEFORMS  AND  AMPLITUDES  IS  A  PEAL 

ATMOSPHERE 

A.  ».  George,  E.  J.  Plotxin 

AIAA  -Journal,  Vol.  7,  No.  10,  Oct.  1769,  pc.  1976-1381 

A  simple  method  for  determining  sonic  fesoa  wave¬ 
shapes  and  amplitudes  in  a  still  stratified 
atmosphere  is  presented  in  this  paper.  The  effects 
of  acoustic  impedance,  ray  tube  area,  and  nonlinear 
wave  steepening  and  shock  formation  are  each  treated 
separately.  Only  the  steady  flight  case  is  considered, 
making  it  possible  to  present  all  the  information 
necessary  to  'find  sonic  boom  waveforms  and  ampli¬ 
tudes  directly  below  the  flight  track  without  the 
use  of  a  computer. 

First,  it  is  shown  that  the  amplitude  of  an  initial 
pressure  wave  form  Is  scaled  by  factors  Cj  and  Ca 
accounting  for  acoustic  impedance  and  ray  tube 
area  changes  during  the  wave's  propagation  ir.  the 
atmosphere.  This  gives 


where  A?  •  perturbation  pressure  of  wave  relative 
to  local  P 

h  =  reference  altitude  where  initial  P 
curve  is  given 

Cj  and  Ca  are  determined  using  the  ray  tube  energy 
invariant  (see  capsule  summary  P-3,  for  example) 
and  an  expression  for  the  ray  tube  area  derived 
using  Snell’s  law  (see  capsule  summary  P-1). 

C,  and  are  given  by 

s  -  !'4/w1/2»  €a  ■  <*/y  *l/J 


where  p  -  density 

a  =  spaed  of  sound 
A  -  ray  tube  area 

Next  the  nonlinear  effects  on  the  wave  propagation 
are  accounted  for.  It  is  shown  that  the  emulative 
nonlinear  effects  on  the  wave  shape  are  accounted 
for  by  adjusting  the  time  of,  arrival  of  each  part 
of  the  wave  by 

At  *  Cr<lP/P)Y  thl/2 

where  r  =  radius  from  flight  oath 

An  expression  is  derived  for  Oj*  in  terms  of  the 
atmospheric  properties,  ray  tube  area,  and  Mach 
number.  Finally,  shock  waves  art-  inserted  using 
the  method  of  Whithan  (see  capsule  summary  3-3; 
asking  the  P  curve  single-valued. 

The  figure  below,  which  was  taken  from  this  paper, 
illustrates  the  use  -f  this  method.  An  idealiza¬ 
tion  of  a  curve  obtained  by  standard  area  rule 
methods  (see  capsule  summaries  3-3  and  3-6)  for 

r  -  500  feet  and  r  *»  60,000  feet  is  shown  as  the 
n 

solid  line  in  the  figure.  and  are  deter¬ 
mined  either  from  their  equations  or  from  figures 
givsn  in  the  paper.  For  M  *  3.0,  multiplication 
by  CjC^  moves  a  typical  point  from  A  to  A*  result¬ 
ing  in  the  dashed  curve.  Next  each  point  sn  the 
curve  is  advanced  in  time  by  C (AP/P)hrh"/2 

resulting  in  the  dotted  curve  by  moving  points 
frost  A*  to  A",  for  example.  Finally,  shocks  are- 
inserted  in  the  appropriate  places. 


A  xett* 


In  a  later  paper  (see  capeule  summary  P-119)  Hag- 
lurid  and  Earn  derive  intensity  and  “age"  scaling 
factors  analogous  to  those  presented  here.  The 
method  used  is  slightly  different  from  that  of 
the  present  paper,  however.  Haglund  and  Kane 
scale  the  F-functlon  itself  (see  capsule 
susomry  G-J) ,  while  the  method  of  the  present 
paper  scales  a  AP  wave  at  a  reference  altitude, 
r>,,  below  the  airplane.  When  this  difference  is 
taken  into  account,  the  two  msthods  give  the  same 
results. 

This  is  a  very  well-written  paper,  and  the  method 
presented  is  very  useful  for  situations  tdrera  quick 
hand  calculations  of  sonic  boom  intensities  are 
desired. 


«1 
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SONIC  BOOH  PROPAGATION  FKOM  MAbWSRING  AIACRATT 
R.  C.  HMfrU 

AIAA  Payer  No.  **•  1X34,  AIAA  6th  Annual  Hating 
and  Technic*!  Display,  Oct.  JO-24,  196* 

The  investigation  presented  in  this  paper  use* 
the  computer  projr**  developed  by  Hayas,  Haefeli, 
and  Kuisrud  (see  capsule  a 'awn  ry  ?-9@)  t.  calcu¬ 
late  conic  boot  pressures  for  both  uni for*  and 
Maneuvering  flight  conditions.  A  brief  discus  •• 
sion  of  the  theory  ia  given,  including  the  effects 
of  acceleration  on  the  ray- tube  area.  Sonic  bide 
overpressures  aid  complete  sltpiatures  .lire  then 
presented  for  uniform  fli^it,  puli  up*,  pushovers, 
and  circular  turns.  Results  are  given  foe  both  a 
fighter-type  and  SST-type  aircraft.  The  mair. 
findings  ares  (1)  the  tonic  boo*  signature 
changes  rapidly  in  the  vicinity  of  the  aircraft; 
12)  the  overpressures  at  the  ground  may  be 
affected  significantly  by  aircraft  acceleration; 
and  (3!  the  changes  in  overpressures  caused  by 
Maneuvers  of  the  Set-type  aircraft  ere  not  pro¬ 
portional  to  those  cf  the  fighter  for  save 
fliipit  conditions. 

This  paper  is,  basically,  a  condensation  of  ar. 
earlier  paper  by  Haefeli  (tee  capsule  summary 
P-971 .  The  reader  is  referred  to  that  capsule 
statuary  for  a  aora  detniled  discussion  of  this 
wo  tk. 
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THE  AMOSPHERIC  CORRECTION  rACTOR  FOR  30!«C  BOON 

fA£GSURE  AMPLITUDES 

Allan  D.  Pieros  and  Charles  L.  Usees* 

■Teat-sal  of  the  Acoustical  Society  of  America, 

Vol.  46,  So.  5  iP». tz  21,  pp.  166-1360 

The  principal  result  of  this  paper  is  an  expres¬ 
sion  for  the  atmospheric  correction  factor  E*, 
which  represents  the  ratio  of  sonic  boon  over¬ 
pressure  at  a  giver,  point  due  to  an  aircraft 
Moving  at  constant  superior./  j  speed  in  a  tem¬ 
perature  and  wind  stratified  atmosphere  to  that 
which  would  be  expected  if  the  atmosphere  were 
homogeneous.  The  derived  6a  is  independent  of 
aircraft  parameters  and  depends  only  on  flight 
Mach  number,  altitude  of  flight,  aid  th*  atmos¬ 
pheric  profiles.  The  Turner  of  derivation  gives 
Y.ft  as  a  product  of  two  factors;  one  derived 
from  linear  geometrical  acoustics  using  the 
eikonai  approximation  as  given  by  Blokhintzav 
(see  capsule  summary  ?-}) ,  and  the  other  repre¬ 
senting  nonlinear  effects  whose  derivation  ia 
baped  on  the  -.  remise  that  an  K-wave  is  devel¬ 
oped  within  l/'-.-OOO  feet  of  the  flight  path 
which  p ropay i  '.*»  along  the  ray  paths  derived 
fross  gsometh ,  4  .,1  acoustics.  Computations  of 
illustrati--/  :.fir  effects  of  atmospheric  inhomo¬ 
geneity  sh  -  a-olitative  agreement  with  compu¬ 
tations  oi  Hay.*,  Haefeli,  and  Kuisrud  'see 
capsule  tu nu-sr.*  r  it  ,  and  show  substantial 
guantitatiw  ,j  .  /tent,  although  with  ice  dis- 
crepanclet ,  .  ,f  previous  computations  by  Sane 
and  Raiser  '  **  capiuie  sosaiery  p-42) .  A  critique 
of  the  that  /  tin  >-*iieh  the  latter  computations 
weie  based  i*  qi va,  and  it  is  suggested  that 
the  cause  of  ,/ii  uscrepamiies  could  be  an  inade¬ 
quate  apprc/,.oo>  ..?r,  for  ray-tufc*  area.  Thi*  find¬ 
ing  iw  in  or,’.  with  that  of  an  earlier 

paper  by  Et.'/'.iurg  (see  capsule  sumary  P-68) . 


The  chief  advantage  of  th*  Kfc  derived  in  the 
present  piper  is  its  relative  simplicity. 

According  to  the  authors,  a  desired  value  is 
easily  computed  by  hand  with  a  relatively  short 
expenditure  of  tiae.  Furthermore,  th*  expression 
is  readily  amenable  to  further  simplifying 
approximations.  it  oast  it  remembered,  however, 
that  this  expression  is  valid  only  in  the  far 
field,  where  the  signature  development  Is  not 
affected  by  the  configuration  shape. 

p-iog 

reflection  vc  focusing  Of  so:;ic  bocks  by  TWO- 

DIMENSIONAL  CURVED  SURFACES 

Jack  Werner 

i*vw  York  Slnivsrs'-y,  School  of  Engineering  and 

Science,  Report  No.  SYU-AA-69-JS,  April  I9?d 

Starting  with  the  acoustic  wave  equation,  *r. 
integral  relation  is  derived  in  this  paper 
which  describes  the  pressure  due  to  a  plan* 
wave  of  arbitrary  wave  fore  incident  on  a  two- 
dimensional  curved  surface  with  plane  k*n»- 
tote*.  Pressure  is  gives  in  terms  of  integral# 
involving  the  pressure  distribution  over  tha 
surface.  In  principle  this  reiccior.ahij.  r4pre- 
ser.t*  an  integral  equation  for  the  pressure  os 
the  vail,  it*  farm  is  such  chat  this  tssawral 
equation  ay  5*  iwvei  by  rEwtncal  hetSsBiqaea. 

Th*  integral  relation  s-osld  then  besoms  a 
di.ect  expression  'or  th*  pressure  at  an? 

-r.  tiae  ana  A  orirartoft  far  th*  iocun 

of  focal  OQlnta  was  developed  and  used  »  obtain 
an  *jtpr-«wi«K*  far  the  locus  of  suss  singularities. 
The  prwsHura  disturbance  in  in*  ceighbortwod  of 
these  focal  points  was  investigated  for  insidesc 
Step  fuaetiss,  linear,  a:.4  ;;-**v*  fores.  It  was 
found  tbmt  is  tha  case  of  she  :.'-«avc  the  valor 
contribution  to  the  disturbance  near  the  focal 
points  comes  free  th*  r*f Ivctlnn  of  th*  discon¬ 
tinuities  at  the  leading  and  trail  leg  edge*  of 
the  incident  wav*. 

In  a  later  investigation  (s*@  capsule  laumiy 
1—127)  Pescnk*  studied  the  tire  history  tf  the 
surface  pressur*:  due  to  sortc  tocss  infraction 
with  several  typographic  configurations ,  includ¬ 
ing  rectangular  buildings,  spheres „  and  *  jrs- 
bolic  canyon  node!.  However,  no  curved  two- 
dimensional  surfaces  were  used.  Thus  t.V?  results 
of  the  present  paper  still  await  experimental 
verification, 

p-no 

SONIC  B-'.CM  HETAMORP  KGS  I S 

G.  A.  Herbert 

Paper  presented  at  Fourth  Conference  on  Asrospnoe 

Meteorology,  Nay  4-7,  1970 

An  investigation  into  the  eun  and  frequtnry 
of  spiked  and  round*.!  sonic  boost  pressure  tig- 
naturee  is  pr  <*ented  in  this  pagoi .  The  date 
reported  In  this  study  were  generated,  for  the 
most  part,  by  supersonic  bsaber  aircraft  IIH5«S 
during  the  June  1,966  phase  cf  the  Edwards  Air 
Force  Bear  sonic  boom  e^eriment*.  in  all  ca*es 
considered,  tha  aircraft  was  ir.  level.  u**s^«i- 
ersted  flight  at  altitud**  m  excess  of  g  ka 
and  at  t|es*Js  ranging  ftoo  K*,.n  i.j  to  l.fj. 


Tha  result?  of  th*  Snvestii 
intensity  ar4  shape  of  wr. 


■acisn  show  shat  t 
Lc  too c  sig. 


. . . . 


secordes  a?  ground  level  are  strongly  dependent 
upon  the  c-uriary  layoa  stability  of  the  ataos- 
ph# r « .  fhe  tacit,  below,  .f- 1 oh  was  taken  free 
this  paper,  show*  the  signature  shape  distribu- 
ti.tr.'.  and  average  rise-  tires  for  different 
atmospheric  cor-Jiticr.* .  It  snrvs  tbtt ,  vhi X* 
rounded  vjv«s  are  eso*t  a-sceor.  tr.  all  stability 
c;  asses ,  they  ctxrsieteiy  Jicir.at*  the  ahape 
popiJatliin  in  *arf*=e-xn-.’«raion  condition*,  ft 
*Hift  in  the  copulation  tiers  rounded  to  nominal 
air 3  spiked  ship**  occurs  when  a  sised  ooundary 
layer  is  trssart. 
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Hjpura rt  Sexpr  Uatmulwj  snJ  Aangr  Kitr  Ttmta  fat  t'ajfrrm! 

At^vitpkctk  CaiJitkMt 

Kith  an  increase  is  wind  apead  and  tue  -prows h 
ef  a  turbulent  boundary  laye-t  a  corrasjcndxag 
increase  '<i»  ct-servisd  in  treasure  fluctuations 
c-s  individual  Signature#  ft*  one  so  STm*  next. 
Furtfterrssre,  when  boundary  oondi  tio&s  were 
Steady  is  tine  them  w»r«  fairly  seal  1  changed 
is  the  van atwft  statistics  free  os*  boos 
Occurrence  to  the  nv.xt.  As  abser.ee  of  relatively 
large  scale  {  1  te}  influence  was  tv-ind.  ir.  the 
cage  of  transitional  (unsteady*,  sound iry  ouadl - 
tins*  there  was  cons ideraalv  tore  input  to  the 
variability  by  long  wave  riasaonants.,  Also,  for 
this  case  a  large  cissrih.it; in  change  was  found 
to  occur  from  one  boos  re  its  union  to  the  next. 

In  ciwtperabie  flight  conditions,  7  ks  of f-t rack 
flights  yielded  relatively  larger  aaplltude 
variation  than  sve-heao  flights.  It  s*  concluded 
that  this  latter  revolt,  along  with  the  observed 
variability  increase  -■  i  tr.  increasing  si  wing 
depths,  ir.di  rates  the  effect  of  the  transit  dis¬ 
tant*'  through  the  nj-.-d  layer  on  the  variability. 

The  present  j up.r  deals  very  little  wits  theory. 
However,  st  does  an  oxcelisr.t  }c *  of  desonatrating 
the  types  of  atrscspheric  conditions  which  are 
conducive  to  the  various  types  of  distortion. 

p-m 

Phr^icri-tj  or  geosctps  cf  &ooh  waves  imciokj? 

ct;  ASetTRASlLV  CRIESTF.K  ?LAf£E  WRI.'.S 
3.  K,  ras,  t».  W.  Zurval t 
J.  Aircraft,  Vsi .  V,  },'o.  J,  May-dune  1975, 
pp.  256-260 

In  this  paper  two  analytical  method*  are  devel¬ 
oped  for  conputing  the  arrival  tiae  of  Incident 
and  ground-reflected  waves  of  a  sonic  boors  acting 
ta  any  given  exterior  wall  which  is  exposed  to 
the  as-cost: rutted  shock  wave.  Method  1  assumed  a 
linear  Ly-vary ;  r.g  speed  of  sound  up  to  the  trops- 
pacse  and  constant  speed  of  sound  above  tr.e 
tropop jus*.- .  This  nRthoi  we*  based  on  a  ballistic 
wav#  analysis  sisilar  to  that  used  by  Etnalng 
(sea  capsule  siBoury  P-41; .  In  this  approach  the 
sain  point  of  interest  is  the  wave  front*  rather 
than  the  rays.  The  expression  for  the  wave  fronts 


together  with  the  expression  describing  the 
envelope  of  these  wave  front*  and  the  geometric 
rela*ions  between  the  wav*  and  wall  for  a  given 
flight  altitude,  direction,  and  Mach  nueber  are 
used  r->  derive  an  expression  for  tile  elapsed 
tiae  between  the  rixssage  of  cne  aircraft  over  a 
point  of  origin  0  on  the  ground  and  the  arrival 
tiiss  of  the  shock  wave  at  a  point  ?  on  the 
building.  An  expression  is  also  derived  for  the 
tine  interval  between  the  arrival  of  incident 
and  -vf.ected  waves  at  point  r.  The  above  pro¬ 
cedure  is  valid  only  for  flight  altitudes  below 
the  txofcsaase.  Tor  flight  altitudes  above  the 
cripopause  a  aoro  cosplex  iterative  method  is 
developed  ter  computing  local  arrival  t lasts  of 
the  incident  and  reflected  sonic  boon  waves. 

Method  If  aoaified  aeihgd  1  with  a  simplifying 
ssstrJft icr»  that  the  ray  Angles  in  the  lateral 
direction  f rtr  the  fligr.t  path  were  constant. 

This  resulted  in  explicit  relation*  for  the 
.  arrival  tim*  -f  the  incident  ana  reflected 
Shock  wav#*  even  for  altitudes  afcovx  the 
tropopeuse. 

A  cwsparisos  of  the  two  sethoda  showed  that 
asthoJ  li,  in  spits  of  It*  sir&lxf led  asxusp- 
tior.  of  conataht  ray  angles ,  gave  results  which 
were  in  very  good  agreement  with  the  results  of 
sethou  I.  It  is  cor.ci  jicd  that,  in  the  absence 
of  better  meteorological  inforaatios,  either  of 
the  Methods  are  very  effective  sue. Is  to  predict 
the  arrival  tis«*  of  incident  and  reflected  waves 
w,  arbitrarily  oriented  star*  walls.  However, 
wthod  I:,  with  it*  siaplified  an^pcioa  of 
constant  ray  angles  in  the  lateral  direction,  i* 
very  rissole  far  cfepurntlor.  and  is  recotaended  by 
tae  tuthors. 
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Cpmpvr#n#  us  nurmra!  Armm  Titoa  of  S-jhh  Bcnm 
WS/*  f  :/%*<;  [t: 

rnewing  the  tise  if  arrival  of  the  ways  at 
•ever*!  ^sint*  ex  j  wall  allow*  the  geoaetfic 
relationship  bot-wesr.  the  w*ve  and  the  wall  to 
b*  found .  Ibis  allow*  the  structural  response 
of  the  wail  to  so  predicted  If  the  strength  of 
the  sonic  bona  is  hsoo . 

P-112 

iASPRATCer  riR'S-iT-GATs-Cr:  cr  0XT??J*77tm  ASD 

•rSFUzmm  of  soittc  booms  mr  sc:h3::»3 

J.  u,  Brosci,  w.  D.  Beasley,  a.  h.  Barger 
•’ISA  Technical  ilete,  IlftSA  TS  0-1330,  June  1970 

A  aethed  for  the  laboratory  * isolation  of  the 
-dif  fraction  ani  reflects  on  pbenoreena  that  occur 
froe  an  M-vaw  tnasinc  ever  a  building  i*  pre¬ 
sented  in  inis  paper.  The  aethad  uti lines  a 


m 


plan*  »-«ive  obtained  I the  reflection  of  e 
spherical  t«'-vave  generated  by  a  spark  at  the 
foibrs  of  a  paracolic  mirror.  Euildir.y  sodelb 
of  various  shapes  sad  sires  were  exposed  to 
these  :!-s*ees. 

The  variation  of  ovarprossitre  obtained  by  vary ■ 
u w  microphone  location,  suildinc  dimensions, 
and  5hccx  ancle  yielded  significant  information 
er,  the  reflection  arid  diffraction  phenomena 
shftt  occur  wnsn  a  shock  wave  passes  over  a 
building.  The  area  in  the  shadow  rone  behind 
the  building  is  not  entirety  shielded  from  tho 
boos  but  is  subjected  to  the  waves  diffracted 
into  this  region.  Although  the  shielding  effect 
gwvirally  tends  tc.  iiscreoae  with  building  dimen- 
sic as,  the  actual  pressure  at  any  feint  us  the 
snoio*  rone  depends  or.  the  juiase  of  the  wav® 
diffracted  over  rise  tor  relative  to  the  phase 
of  the  waves  diffracted  around  tho  ends  of  the 
our  Idmg. 

She  overpressures  withr-  a  certain  region  of  the 
*.  ‘  :■*;".  wave  adjadftic  to  —he  shadow  11:1-*  are 
-■  ii.**.*i'  as  i  resdlt  of  the  loss  of  energy  .,y  dif- 
fMCtiro  into  th*;  l-l  u  ur  .-3 ,  This  tyre  of 
cechaniism  also,  m  effect,  rxdujo}  the  rdflectic-n 
uocfr iciest  on  the  forward  face  of  a  building  for 
soaa  distant  down  from  the  to:  edge ,  to  that  for 
a  relatively  lo*  building  cr«*  overps assure  over 
*-<-*  e.-.t.re  forworn  fbsft  is  sasevhat  redused- 

Aitfec-i-jh  the  avc  raging  effect  it- ml  tint  from 
using  a  microphone  that  was  large  relative  to 
the  wavelength  prevant&i  or.  accurate  seasuresemi 
of  the  j*:uX  overpressure  at  the*  fur-’tyil  fees  of 
tJie  building,  significant  intern : : .c*u«i  of  the 
--.erpraseore  sn  this  ro~ . _-n  > ««  -i:,,.-'-!,  .viw- 
■> •-'«.•  r ,  v.a  results  mi.  cat*  tn.it  (ex  ,-pt  n-ui.iiy 
•or  exusptioruiiy  iargs  oui.atr.us  o,  :: raotion 
r  -or.-ss pa  wsuli  prevent  ti-is  over  pleasure  from 
roarhin;  ts*  level  in  four  tirds  f.a  mcidsr.t 
presaure  that  world  re*  :.ii: .ted  lor  iir-g* 
n  diiil.-.ss. 
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5CMIC  90GH  HOOEtliSl  IKVESTlOAfsT!.'  ,k  TOPOGKW; :CAL 
«.'D  ATMOSPHERIC  £2T-CTS 
A.  E.  Sauer  and  C.  J.  9tgiev 
FAA-IC- 70-10,  July  1970 

The  results  of  an  exps risen t»i  program  whose 
purpose  was  to  study  the  vifec-^  of  torc-v-ayrii  - 
cal  and  structural  shapes  s^r.ic  boon  focusing 
and  to  sc -icy  the  effects  oj  atstspnerit  turbu¬ 
lence  on  sonic  boon  signatures  are  presented  in 
this  payer.  These  effects  were  ooceied  by  firing 
projectiles  and  by  allowing  the  pro  pact  i  It 
waves  to  interact  vrtti  model  states  and  with 
turbulent  jets.  Th-s  wave  interactions  were  siuiis 
by  means  of  shadowgraph  pictures  and  sicrspftona 
pressure  records.  Turbulence  s.-aim-g  pire»i(v« 
are  developed  and  used  to  relate  the  b.  I-.  1  result. 


:  “ . _  scale. 


following  c mu i : 


or  ifcw  investigation: 

ill  Soars  focusing  will  usually  nicer  in  otr.c- 
-Ur-sl  r.3v*ir:^  verier  corrveri, 

almost  any  tort  of  snisldlrg  of  the  jorserr 
will  red-ice  trie  focusing  effect. 

<2>  Sors:  foci'.r..  effect*  ieaer.d  m  :*•:  direc¬ 
tion  of  cso  mcidftnt  wave  wirrs  respect  ro 
the  s..  *.  •  u;<i  or  tojiiiraios  cal  shaue. 

■J*  i-sTg?  canyons  and  sin. at  state,*  can  cau, . 
Strong  focus. as  of  bocna.  cut  large  focus¬ 
ing  effects  will  occur  only  fur  rather 
specUlicoc  shapes  and  ;  artivul  ir  nra.eion 
o1  the  tint*,  "he  ..- fi.vnc*  f-.-.tsr?  l'Of.r»; 
*>  -.c  rut.*-,  -f  •  ref :-»-;ted  sc-n.c  ooao 
aat  ..t  !■  -c,  ti.4.  free  .  r  Kpiirui.  nay  to 
o:  the  rder  of  12  nr  rrei :•.-:* , 

the  m-'-ir-.  "(ttir  ftr  a  plane.  r;u.  i 

surface  ;d  ..  Tr.is  ser.e*  as  a  stamArd  f,f 
-valirtir  •  tier  ship**. 


•  lea  >  or  esc  r.tu  ihtair.sd  for  .-sniped  r.  iili-hg*  ar.i 
vyl.ndr'.cal  oui  lime*  ir.d.ntt  that  siunifica.-.t 
reduction  tr.v  furwuri  sac*-  rre.rur4  :ir  be 
f  * , : r. : ■ .  by  o pt ro.;  - :  imith.rjl  1  -  -  . . 

Sauer  and  eagiery  i.-n  :  - .  -  f  jwiry  >*  II, 

:  . *:'-i  a  : : — :  . i *  : ,  i -1 1 :  or*,  .mcer  ,  , . 

ti-.o  effect  if  builimu  re*” ions  -os  txd 

r*  *  **; s irc-r .  The  l*.e  ,  :  ',-.*> rt:,-  -j.  *  *-, - 

, :  *.  in  mat  1.3  . *  ■  3**  r '■  -*r  rc : T *  133U:  si  * 

thjjr.  th&iia  Of  the  cr-«rt  piper,  mi  .t  was 
fawftd  tout  'he  uve  fp.-i? >:■">  st  tr.e  fur-tori  face 
r '  a  huildmg  in'-  -ri* ';* * ■" - ,  four  tie 

incident  preasare,  ;r,  - . :■! u , ; t  t >  t>  ,t  J  . 

tions  of  tr.e  authors  the  present  pif*-,  ;  i :  - 
fracsior,  ef.eups  were  n..t  »r,.«st. gated  ty  P*u«r 
and  S  ig  1  ay . 

In  Kile  . !  tho  ;  r. , , :.  *  .  *  *  rpr*  .*  :■  ■*  -  .  . :  -  - . 

Milts,  this  is  a  significant  paper  that  ;t 
proMfits  o  valuable  netaorf  in.-ei tig* tins 

ttf^greduvr;  effects,  F-urtr.ertwire ,  this  was  one 
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tr#e  invest i«t 


211.10*^  of  diffric 


Toe  tax.-v  .’f  cr  a  two-or-tr. signal  *tr,r* 
tu-v  -Sr.  t  ;vr.t-ar.gj»J  . -r.s-rs  :a  i. 
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(10)  The  th*n;y  of  Crow  (see  capsule  summary  P-79) 
explains  the  essentials  of  boom  signature 
fluctuations  in  a  turbulent  atmosphere,  but 
the  mechanisms  of  the  shock  front "breakup 
and  of  certain  nonlinear  features  are  not 
yet-  understood, 

(11)  The  boom  signature  fluctuations  depend  pri¬ 
marily  on  the  height  5  of  the  atmospheric 
boundary  layer,  the  distribution  of  turbu¬ 
lence  intensities  u' ,  and  the  turbulent 
spectral  energy  distribution  and  related 
integral  scale  L.  Mean  velocity  and  tem¬ 
perature  gradients  will  also  affect  the 
fluctuations. 


tine-harmonic  point  source  is  focused,  the 
higher  order  terms  can  be  used  either  to  extend 
the  range  of  applicability  in  the  frequency 
domain  of  the  lower  order  terms  or  to  provide 
an  estimate  of  their  validity.  As  an  exasq>le  of 
the  application  of  the  correction  terms,  the 
accuracy  of  the  first-order- solution  is  studied 
on  the  caustic  formed  by  a  point  sound  source 
iirmeraed  in  a  medium  with  a  bilinear  sound  speed 
profile.  It  is  found  that  the  first  order  solu¬ 
tion's  accuracy  improves  with  increasing  fre¬ 
quency  and  decreases  with  increasing  sound  speed 
gradients  and  distance  from  the  turning  point  of 
the  ray  passing  through  the  caustic  point. 

In  related  work,  Hayes  (see  capsule  summary  P-91) 
gave  a  brief  treatment  of  nonlinear  acoustic 
propagation  through  a  caustic.  Myers 'and  Friedman 
(see  capsule  summary  P-59)  used  linear  theory  to 
treat  the  topic  of  ray  focusing. 


(12)  Atmospheric  shear  layers  cannot  be  studied 
alone  for  their  effect  on  boom  signatures 
because  such  shear  layers  always  generate 
turbulence  which  affects  the  signatures. 

(13)  The  boom  signature ‘fluctuations  can  be 
better  understood  by  obtaining  a  larger 
number  of  data  shots  and  by  a  more  detailed 
study  of  the  statistical  data.  The  fine 
scale  spiky  structure  can  be  studied  on  a 
larger  scale  by  increasing  the  turbulence 
intensities  u 1  and  by  increasing  the  tur¬ 
bulent  layer  thickness  S.  This  larger  scale 
is  needed  so  that  no  fine  structure  might 
be  overlooked  because  of  limitations  in 
microphone  response  to  high  frequencies. 

(14)  The  experiments  clearly  show  that  the  sig¬ 
nature  perturbations  observed  near  the 
leading  N-wave  shock  are  repeated  near  the 
trailing  N-wave  shock)  this  result  agrees 
with  full-scale  observations  and  is  ex¬ 
plained  in  the  Crew  theory  by  the  "freezing" 
of  the  turbulence  during  the  short  passage 
time  of  the  N-wave. 

In  another  investigation  conducted  at  about  the 
same  time  Brooks,  Beasley,  and  Barger  (see  cap¬ 
sule  sunwary  P-H2)  used  a  spark -generated  N- 
wave  to  investigate  the  diffraction  and  reflec¬ 
tion  of  sonic  booms  by  buildings.  The  results 
were  qualitatively  much  the  same  as  those  of  the 
present  investigation.  Diffraction  effects  were 
not  dealt  with  in  the  present  paper  but  the 
overpressures  were  determined  much  more  accu¬ 
rately  than  in  the  other  investigation. 

This  was  one  of  the  first  controlled  experi¬ 
mental  investigations  into  the  effects  of  turbu- 
.  l.ence  on  sonic  booms.  In  flight-test  experiments 
the  turbulent  properties  of  the  atmosphere  can¬ 
not  be  determined  vary  accurately,  and  this 
makes  it  difficult  to  correlate  theory  and  ex¬ 
periment.  The  controlled  turbulence  levels  of 
the  present  investigation  mad-  such  a  correla¬ 
tion  natch  easier. 

P-114 

SERIES  EXPANSION  FOR  THE  SOUND  FIELD  AT  A  CAUSTIC 

0.  A.  Sachs 

Cambridge  Acoustical  Associates,  Inc., 

Technical  Report  U-363-222,  Sept.  1970 

This  paper  presents  a  derivation  of  higher  order 
terms  in  e  series  expansion  of  the  sound  field 
in  the  vicinity  of  a  caustic.  The  results  are 
applicable  to  a  caustic  zona  in  an  arbitrarily 
stratified  medium  at  which  sound  energy  from  a 


Although  it  was  done  for  continuous  sound 
sources,  the  present  work  may  have  some  appli¬ 
cation  to  the  sonic  boom  phenomenon  at  a  caustic, 
which  is  ar  example  of  an  impulsive  sound 
source. 

P-115 

ATMOSPHERIC  REFRACTION  AND  REFLECTION  IN  SONIC  BOOMS 

C.  Thery 

NASA  TT  F-13,  409,  Dec.  1970 

This  paper  presents  an  analytical  method  for  pre¬ 
dicting  the  atmospheric  refraction  of  weak  shock 
waves.  The  method  of  characteristics  is  applied 
successively  to  steady  flight  situations  for 
refraction  of  a  wave  train  in  a  two-dimensional 
atmosphere  and  for  refraction  of  a  wave  in  an 
atmosphere  which  nas  a  rotational  symmetry  around 
the  trajectory  of  the  aircraft.  The  computing 
process  used  allows  the  wave  refraction  to  be 
followed  step  by  stop  as  long  as  the  flow  behind 
the  wave  stays  supersonic. 

A  differencial  equation  which  relates  the  varia¬ 
tion  of  weak  shock  wave  intensity  to  the  incidence 
of  the  wave  is  integrated  numerically  to  obtain 
curves  which  show  the  angle  of  incidence  versus 
altitude.  Also,  the  behavior  of  the  shock  wave 
in  the  vicinity  of  'the  region  where  the  flow 
behind  the  shock  is  sonic  is  discussed. 

This  paper  is  a  summary  of  previous  papers  by 
Thery  and  Aurioi,  As  a  result,  most  of  the 
equations  used  ate  not  derived  but  are  merely 
sta*-sd.  This  makes  the  paper  difficult  to  follow 
in  places. 

P-U6 

TROPOSPHERIC  AND  TURBULENT  CONTRIBUTIONS  TO  SONIC 

BOOMS 

R.  K.  Dressier 

The  Aeronautical  Research  Institute  of  Sweden 

FFA  Rpt.  121,  Stockholm,  1370 

The  purpose  of  this  paper  is  to  assess  the  rela¬ 
tive  importance  of  tropospheric  versus  ground- 
layer  contribution*  to  sonic  boom  magnifications. 
This  is  done  through  a  statistical  analysis  of 
the  *‘ae«  obtained  in  the  Oklahoma  flight  teats 
of  19fc4.  The  ground-layer  contribution  it  due 
to  tna  layer  of  turbulent  air  usually  present 
cetwvan  -ground  and  about  2000-3000  fssc,  and 
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the  tropospheric  contribution  is  that  due  to 
strong  winds  plus  the  large-scale  temperature 
deviations  frost  "standard"  profile/  both  usually 
present  in  tits  troposphere. 

Data  frost  628  flights  is  analyzed,  these  flights 
were  all  Mde  along  the  sane  flight  path,  the 
altitudes  of  these  flights  were  within  the'  rang* 
23/000-37/000  feet  end  more  then  90%  were  within 
the  range  28,000*32/000  feet.  It  is  stated  by 
the  authors  that  for  such  snail  variation,  cal¬ 
culations  show  that  only  a  negligible  variation 
will  be  introduced.  All  flights  were  at  Mach 
numbers  greater  than  1.4  and  475  flights  were 
at  M  =  i.5.  In  performing  the  statistical  analy¬ 
sis  ,  no  differantiation  was  made  between  flights 
at  different  Mach  numbers  and  altitudes. 

The  basic  procedure  was  as  follows:  For  each 
flighp  the  measured  on-track  overpressure  A  V 
and  the  calculated  nominal  APn  were  used  to 
calculate  the  magnification • ratio  4Pm/APn  «  M. 
The  M's  for  every  flight  were  then  plotted, 
grouping  each  day  separately.  In  order  to  permit 
the  addition  of  random  variables  instead  of  aul- 
tiplipat'on  and  to  guarantee  that  the  resulting 
distribution?  wjuld  be  gaussian  .over  most  of 
their  range,  the  logarithm  of  each  H  was  taken. 
The  large-scale  tropospheric  parameters  were 
considered  to  be  statistically  constant  during 
each  daily  testing  interval,  since  the  average 
time-span  for  the  large-scale  tropospheric 
parameters  was  considerably  longer  than  the 
time  interval  (five  hours  or  less)  during  which 
all  flights  per  day  in  the  data  were  flown.  On 
the  other  hand,  the  detailed  turbulent  patterns 
change  significantly  from  moment  to  moment  and 
point  to  point,  dine*  the  flight  path  and  direc¬ 
tion  were  constant  for  every  flight  used,  the 
contribution  to  total  M  from  the  large-scale 
effects  was  taken  to  be  essentially  constant 
for  all  flights  during  any  one  day.  For  this 
reason,  the  scatter  in  total  M  observed  during 
any  one  day  was  taken  to  be  due  only  to  the 
variable  turbulent  structure.  The  variation  of 
the  daily  mean  of  the  magnification  factor  from 
day  to  day  was  assumed  to  be  due  only  to  large- 
scale  tropospheric  effects.  The  standard  devia¬ 
tion  of  the  d  fference  between  each  measured 
value  and  the  mean  for  that  day  (due  to  the 
turbulent  contribution)  was  then  compared  with 
the  standard  deviation  of  the  daily  means 
(tropospheric  contribution),  and  the  following 
conclusions  were  reached. 

(1),  The  standard  deviation  due  to  the  large- 
scale  (tropospheric)  contribution  is  40% 
as  large  as  that  from  the  overall  turbulent 
(ground  layer)  contribution,  when  cruising 
altitudes  average  only  30,009  feet.  A#  the 
former  must  increase  with  propagation  path 
length  (cruising  altitude) ,  while  the 
latter  remains  constant,  an  assumed  linear 
extrapolation  would  indicate  that  at  high 
SST-cruiaing  altitudes,  both  effects  will 
become  approximately  equal.  This  extrapo¬ 
lation  implies  that  a  doubled  overpressure 
(M  **  2)  would  occur  about  four  times  more 
frequently  with  SST  altitudes  than  observed 
in  the  Cklahoma  tests.  It  is  concluded  that, 
large-scale  tropospheric  effects  on  magni¬ 
fication  are  of  definite  significance  above 
about  20,009  feet  and  cannot  be  neglected. 


(2)  The  standard  deviation  for  the  turbulent 
contribution  varied  over  an  extremely  wide 
range  (7  to  1)  for  individual  test  days. 

This  wide  variation  would  make  it  possible 
to  "prove"  that  the  sonic  boom  is  either 
"negligible"  or  "intolerable"  by  choosing 
e  specific  tasting  day  and  locality. 

Because  of  this,  it  is  pointed  out  that 
such  care  must  be  used  in  drawing  conclu¬ 
sions  from  flight  test  results. 

In  an  earlier  paper  (see  capsule  summary  p-61) 
Dressier  end  Fredholm  made  a  theoretical  inves¬ 
tigation  of  the  scatter  in  overpressure  magni¬ 
fication  due  to  large-scale  atmospheric  affects. 
Ho  experimental  data  was  used  in  that  paper1,  in 
contrast  to  the  present  paper. 

The  present  paper  has  ‘two  main  weaknesses: 

(1)  The  data  sample  was  limited  to  airplane 
altitudes  of  30,000  and  38.000  feet,  which 
is  not  sufficient  for  extrapolations  to 
higher  altitudes  such  as  60,000  and  80,000 
feet.  The  data  used  were  obtained  by  air-  * 
planes  flying  in  the  influence  of  the  jet 
stream  winds  which  can  vary  significantly 
from  day  to  day. 

This  would  influence  the  airplane  ground 
speed  and  hence  the  boom  magnitude.  The 
effect  noted  by  the  author  cannot  be  extrapo¬ 
lated  to  higher  altitudes  because  that  kind 
of  wind  velocity  does  not  exist  there.  Addi¬ 
tional  large  data  samples  (see  for  instance 
Pigure  1,  page  352,  NASA  3P-255)  for  the 
XB-70  at  60,000  feet  show  less  scatter  than 
the  F-10 4-produce d  data  at  30,000  feet  and 
38,000  feet. 

(2)  Attributing  the  variation  of  the  mean  daily 
magnification  factor  from  day  to  day  strictly 
to  t.opospheric  effects  is  very  questionable. 
The  amount  of  turbulence  also  varies  from 
day  to  day.  Thus  it  is  possible  that  the 
daily  variation  of  the  mean  magnification 
factor  may  be  due  partially  or  wholly  to 
turbulence  effects  also, 

P-117 

METEOROLOGICAL  EFFECTS  ON  THE  SONIC  BANG 

J.  M.  NichoilS 

Weather,  London,  Vol.  25,  1970,  pp.  265-271 

This  paper  gives  a  very  brief  survey  of  atmos¬ 
pheric  effects  on  sonic  boom  propagation. 

Topics  discussed  are:  (1)  accelerating  flight; 

(2)  effects  of  vertical  gradients  of  wind  and 
temperature)  (3)  cut-off  Mach  number:  and  (4) 
the  effects  of  other  meteorological  phenomena 
such  as  gravity  waves,  convective  cells,  and 
turbulence.  These  subjects  are  all  treated 
very  lightly. 

This  is  a  good  introductory  paper  for  a  reader 
who  knows  very  little  about  atmospheric  effects 
on  sonic  booms. 
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P-U8 

ON  THE  EXPERIMENTAL  DETERMINATION  OF  THE  NEAR-FIELD 
BEHAVIOR  OF  THE  SONIC  BOOM,  AND  ITS  APPLICATION  TO 
PROBLEMS  OF  N-WAVE  FOCUSING 
D.  J.  Collin: 

AIAA  Paper  No.-  71-185,  Jan.  25-27,  1971 

This  paper  present*  the  results  of  a  ballistic 
range  test  whose  purpose  was  to  study  the  near- 
field  behavior  of  the  sonic  boon  generated  by 
non-lifting,  axially  symmetric  projectiles  in  a 
homogeneous  atmosphere  and  to  investigate 
diffraction  and  focusing  of  N-waves  by  obstacles. 
The  reader  is  referred  to  capsule  summary  G-80 
for  a  discussion  of  the  near-field  sonic  boon 
results  found  in  this  investigation.  The  results 
concerning  N-wave  focusing  and  diffraction  deal 
with  sonic  boom  propagation  and,  therefore,  are 
discussed  here. 

The  measurements  described  .in  this  report  were 
obtained  in  a  free-flight  ballistics  range  con¬ 
structed  in  the  Guggenheim  Aeronautical 
Laboratory  at  the  California  Institute  of 
Technology.  The  concave  corner  models  used  in 
these  experiments  were  constructed  from  matched 
pairs  of  steel  and  aluminum  blocks,  differing  in 
both  height  and  length,  in  order  to  determine 
the  effect  of  these  parameters  on  the  focused 
shock  wave.  The  measurements  of  the  diffracted 
shock  wave  were  obtained  by  using  two  rectangu¬ 
lar  steel  plates,  standing  ver  tically  on  the 
ground  plane. 

A  simple  geometrical  theory  is  developed  to 
account  for  the  intensification  of  an  N-wave  by 
a  concave  corner..  This  theory  is  based  upon  the 
assumption  that  all  reflections  are  regular, 
i.e.,  that  the  angles  of  incidence  and  reflec¬ 
tion  are  equal.  It  is  also  assumed  that  the  shock 
waves  are  weak,  thus  making  the  problem  linear. 
For  the  case  of  a  plana  wave  incident  symmetri¬ 
cally  on  a  concave  comer,  the  theory  shows  that 


where 


the  comer  walls.  The  maximum  measured  pressure 

was  AP  /AP  _  -  10.25. 
c  t 

From  the  results  of  the  measurements  of  the 
diffraction  of  an  N-wave  by  the  back  corner  of 
an  obstacle,  it  Is  concluded  that  the  approxi¬ 
mate  theory  by  Whitham  (see  capsule  summary 
P-17) ,  modified  by  Skews  ("Profiles  of  Diffract¬ 
ing  Shook  Waves,"  Report  No.  35,  April,  1966, 
University  of  Witevatersrand,  Johannesburg, 

South  Africa)  to  calculate  the  shock  wave  posi¬ 
tion  along  characteristics  rather  than  rays, 
and  co  more  accurately  reflect  the  angle  bet'., ’sen 
the  characteristics  and  the  rays,  gives  an  ade¬ 
quate  representation  of  the  shock  wave  profile 
for  shock  Mach  numbers  near  unity.  The  maximum 
pressure  jump  at  the  wall,  relative  to  the  free- 
wave  value,  is  given  by  AP^APf  “  °-4S* 

In  a  previous  investigation  (sea  capsule  summary 
P-112)  Brooks,  Beasley,  and  Barger  used  a  spark¬ 
generated  N-wave  to  investigate  the  focusing  and 
diffraction  of  an  N-wave  by  buildings,  me  ova i - 
pressures  were  not  assured  very  precisely,  and, 
as  a  result,  the  results  wers  more  qualitative 
than  those  of  the  present  investigation.  Iti 
another  investigation  Bauer  and  Baglay  used 
projectiles  fired  in  a  ballistic  rang#  te  in¬ 
vestigate  topographical  effaces  aa  mjic 
They  did  not  consider  diffraction  affects.  Bat 
their  results  concerning  focusing  affect*  awe-  us 
fairly  good  agreement  with  was#  ;«  trse  ptMant 
paper. 

The  area  in  which  the  present  paper  excels ,  »« 
comparison  to  the  two  aariier  in>fsetlgati<s» 
discussed  above,  is  in  its  attempt  to  jsrteiate 
experiment  and  theory.  The  earlier  investiga¬ 
tions  were  concerned  primarily  with  cbtauiMig 
experimental  results,  while  the  present  paper 
places  equal  emphasis  on  theory  and  axperiwent. 
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STUDY  COVERING  CALCULATIONS  AND  ANALYSIS  CP  SONIC 
BOOM  DURING  OPERATIONAL  MANEUVERS 
G.  T.  Haglund  and  E.  J.  Kane 

Boeing  Document  D6A12108-1  Vol.  I,  Analysis  and 

Computation  of  Maneuver  Effects 

Vol.  1  of  DOT  Report  No.  E2-71-2,  Feb.  1971 


Ap  »  pressure  jump  after  reflection  from 
corner 

Apf  «  free-air  pressure  jump 

*  0  *  angle  of  corner. 

For  the  case  where  the  incident  wave  moves 
parallel  to  one  of  the  walls  the  theory  gives 


2* 

0 


A  comparison  of  the  results  cf  this  theory  with 
experimental  results  shows  good  agreement  for 
concave  comer  angles  0>*/2.  For0<*/2,  the  geo¬ 
metrical  theory  is  inadequate  as  formulated,  and 
must  include  the  effects  of  diffraction  of  the 
wave  by  finite  bodies.  The  experimental  results 
show  that  the  peak  pressure  rise  occurs  for  a 
concave  corner  angle  0“»/4,  and  is  a  function 
of  both  the  obstecle  height  and  the  length  of 


This  is  the  first  volume  of  a  three  volume  study 
concerning  the  effects  of  operational  S3T  maneu¬ 
vers  on  sonic  booms.  The  method  developed  by 
Hayes,  Haefeli,  and  Kulsrud  (see  capsule  summary 
P-98)  is  used  to  perform  this  investigation. 
Included  are  the  effects  of  longitudinal  acceler¬ 
ations,  puliups,  pushovers,  and  turns  in  several 
different  atmospheres.  The  effects  of  various 
airplane  altitudes,  Mach  numbers,  load  factors, 
weights,  accelerations,  climb  angles,  and  atmos¬ 
pheric  conditions  are  also  presented.  Two  dif¬ 
ferent  S5T-class  airplanes  are  used  in  the  study, 
the  W.S.  SST  and  the  SCAT  15 -F  (an  SST  concept 
developed  at  the  NASA  Langley  Research  Center) . 

The  results  are  made  to  be  independent  of  the 
airplane  characteristics  by  the  use  of  sonic 
boom  pressure  scaling  factors.  The  scaling 
factors  are  used  to  scale  a  steady,  level  pres¬ 
sure  signature  for  a  specific  airplane  flight 
condition  to  obtain  the  complete  sonic  boom 
pressure  signature  for  ‘he  maneuver  effects. 
two  scaling  factors  «*»  \,pea,  one  to  scale  the 


107 


intensity  and  another  to  account  for  the  non¬ 
linear  distortion  which  causes  the  formation  and 
merging  of  shocks.  Extensive  tabulations  are 
made  in  the  appendices  of  the  quantities  neces¬ 
sary  to  calculate  these  scaling  factors  for 
various  maneuvers  and  flight  conditions,  these 
scaling  factors  can  be  uaed  to  determine  maneu¬ 
ver  effects  for  any  specific  airplane  {given  the 
airplane  F-function  or  steady,  level  pressure 
signatures) .  They  are  also  ideally  suited  to 
obtaining  rapid  estimates  of  the  maneuver  effects 
on  sonic  boom  intensities. 

The  following  conclusions  were  reached  as  & 
result  of  this  investigations 

1.  ‘Hie  effects  of  SST  operational  maneuvers 
on  sonic  boom  at  the  ground  are  snail 
except  at  Mach  numbers  below  about 
Mach  1.3  and  for  turn  maneuvers  where 
significant  effects  can  occur  up  to 
Mach  3. 

2.  Caustics  can  be  produced  at  the  ground 
during  longitudinal  accelerations  and 
pushover  maneuvers  for  operational  load 
factors  at  the  low  supersonic  Mach  num¬ 
ber*  only  (M  <  1.3).  During  turns,  caus¬ 
tics  at  the  ground  may  be  produced  at 
Mach  numbers  up  to  3;  the  caustics  occur 
near  the  edge  of  the  boom  carpet,  however, 
sell  to  the  side  of  the  flight  path. 

Methods  for  calculating  maneuver  require¬ 
ments  for  caustics  at  the  ground  are  pre¬ 
sented  and  the  results  are  summarized  in 
graphic  form. 

3.  Longitudinal  accelerations  result  in 
siightiy  longer  pressure  signatures  with 
stronger  shock  waves.  During  piillupa  the 
pressure  signature  incr.uses  in  length 
and  the  shock  waves  are  weaker  compared 
to  steady,  level  flight.  The  opposite  is 
true,  in  general,  for  pushover  maneuvers. 

The  airplane  climb  angle  has  an  important 
effect  on  shock  wave  strength  during 

pul laps  and  pushovers.  These  effects  are 
small  for  operational  maneuvers  except  at 
the  low  supersonic  Mach  number*.  Turn 
maneuvers  result  in  a  variety  of  pressure 
signature  type*  at  the  ground,  since  a 
caustic  generally  occurs  to  one  side  of 
the  airplane,  while  on  the  other  side  of 
the  airplane  a  large  region  cf  low  inten¬ 
sity  sonic  boor,  occurs. 

George  and  Piotkin  (see  capsule  summary  P-106) 
derived  scaling  factors  Cg,  CA,  and  Cj  that  are 
analogous  to  the  intensity  and  age  scaling  fac¬ 
tors,  and  Sj,  presented  hare.  They  can  be 
used  to  determine  complete  sonic  boom  signatures 
in  a  still,  stratified  atmosphere  directly  below 
an  airplane  in  steady,  level  flight  witnout  the 
use  of  a  computer.  The  method  used  by  George  and 
Piotkin,  however,  is  siightiy  different  froa  the 
method  used  here.  They  scale  a  AP  wave  at  a  ref¬ 
erence  altitude,  r^,  below  the  airplane  (about 
S0O  feet),  while  in  the  method  used  here  th#  F- 
f unction  itself  is  scaled.  Whan  this  difference 
is  taken  into  account,  the  two  methods  give  the 
sane  results. 


In  a  similar  investigation  (see  capsule  summary 
P-97)  Haefeli  cgnducted  a  study  to  determine  the 
effects  of  selected  atmosphere,  wind,  and  air¬ 
plane  maneuvers  on  sonic  boom  pressure  signs- 
tures  for  the  F-104  and  ths  SCAT  15-1 .  One  of 
the  major  conclusions  of  that  study  was  that  the 
affects  of  airplane  maneuvers  on  sonic  boom 
pressure  signatures  ate  not  independent  of  air¬ 
plane  type,  so  that  the  maneuver  effects  must  be 
determined  separately  for  each  specific  airplane 
type,  airplane  weight,  and  airplane  load  factor. 
The  present  study  overcomes  this  limitation  by 
making  the  results  independent  of  the  airplane 
characteristics  through  the  use  of  the  sonic 
boom  pressure  signature  scaling  factors.  The  use 
of  the  scaling  factors  for  presenting  the  maneu¬ 
ver  effects  makes  the  results  of  this  study  much 
more  useful  than  those  of  previous  studies. 
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STUDY  COVERING  CALCULATIONS  AMD  ANALYSIS  OF  SONIC 

BOOM  DURING  OPERATIONAL  MANEUVERS 
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This  is  the  second  volume  of  a  three  volume  study 
concerning  the  effects  of  operational  ssr  maneu¬ 
vers  or.  sonic  booms.  Volume  I  shows  that  the 
theoretical  affects  of  operational  manftuvars  due 
to  typical  SST  maneuvers  are  small  except  for 
maneuvers  at  Mach  numbers  below  about  1.3. 

Methods  are  outlined  for  applying  the  results  to 
any  airplane,  and  selected  pressure  signatures 
are  presented  for  the  U.S.  SST  and  SCAT  15-F. 

The  reader  is  referred  to  capsule  summary  P-119 
for  further  details  of  Volume  I.  volume  HI 
describes  the  modifications  made  to  the  compu¬ 
ter  program  developed  by  Hayes  (see  capsule  sum¬ 
mary  P-53;  to  improve  its  capability  for  use  in 
the  present  study.  See  capsule  suatrary  P-121  for 
further  details  of  Volume  III.  The  present 
volume  contains  a  flight  test  plan  designed  to 
investigate  caustics  at  the  ground  produced 
during  longitudinal  accelerations,  circular 
turns,  and  steady,  level  flight  at  tno  threshold 
Mach  number.  In  addition  to  the  flight  tost 
plan,  flight  test  aids  are  presented  to  be  used 
in  the  field  as  aids  in  positioning  the  test 
airplanes  sc  that  caustic  phenomena  are  observed 
over  the  micro,  '  •  network.  The  flight  test 
aids  account  for  variations  of  atmospheric 
temperature,  winds,  and  flight  variables  such  as 
airplane  altitude  and  Mach  number. 

The  follcwing  conclusions  were  rescued  with 
regard  to  the  flight  test  plans  presented  here:- 

(1)  The  rethod  of  geometric  acoustic*  in 
adequate  for  calculating  caustic  loca¬ 
tions  and  lateral  cutoff  locations. 

(2)  The  accuracy  of  the  operational  flight 
test  aids  in  placing  the  caustic  in 
the  desired  location  is  as  follows: 

Threshold  Mach  number  flight;  ±>:Vj  ft. 
in  altitude 


IN 


Lateral  cutoff  location:  ±1.0  st.  mi. 

Caustic  location  due  to  longitudinal 
acceleration:  ±1.5  st.  si. 

Caustic  location  due  to  a  turn:  ±1.5 
st.  mi. 

(3)  The  tolerance  in  the  prediction  of  the 
lateral  cutoff  location  and  the  caustic 
location  due  to  longitudinal  acceleration 
can  be  reduced  to  less  than  1  st.  mi.  by 
using  computer  programs  and  measured  real- 
time  atmospheric  data. 

Caustics  are  among  the  least-understood  of  all 
sonic  boom  phenomena.  There  have  been  several 
attempts  to  calculate  theoretically  the  pressure 
rise  at  a  caustic  (see  capsule  summaries  P-59 
and  P-91,  for  example) .  The  evaluation  of  these 
and  future  theories  will  depend  upon  a  compari¬ 
son  with  accurate  experimental  results,  and  Hie 
present  paper  will  be  a  great  aid  in  obtaining 
such  results. 
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This  is  the  third  volume  of  a  three  volume  study 
concerning  the  effects  of  operational  SST  maneu¬ 
vers  on  sonic  booms.  Volume  I  shows  that  the 
theoretical  effects  of  operational  maneuvers  due 
to  typical  SST  maneuvers  are  small  except  for 
maneuvers  at  Mach  numbers  below  about  1.3. 
Methods  are  outlined  for  applying  the  results  to 
any  airplane,  and  selected  pressure  signatures 
are  presented  for  the  U.S.  SST  and  SCAT  15-F. 

The  reader  is  referred  to  capsule  summary  P-119 
for  further  details  of  Volume  I.  Volu'~i  II  con¬ 
tains  a  flight  test  plan  designed  to  -nvestigate 
caustics  at  the  ground  produced  during  longi¬ 
tudinal  accelerations,  circular  turns,  and 
«teady,  level  flight  at  the  threshold  Mach 
number.  3»e  capsule  summary  P-120  for  further 
details  r-i  Volur-c  II. 

in  the  present  volume  she  com&tshs-nsjve  corapu- 
program  developed  by  Hayes  cspsuln  sum¬ 
mary  P-9S;  ie  tccdififed  to  improve  its  capability, 
The  basic  theory  *s  surs?;rlzed  briefly  and  all 
modifications  are  documented  in  detail.  These 
modifications  included  improvement  of  the  method 
for  inputting  the  airplane  F-function,  addition 
of  the  capability  to  compute  up  to  twenty  sonic 
boom  signatures  per  ray  without  redoing  the  ray 
calculations,  development  of  a  method  to  account 
for  a  wind  shear  discontinuity,  addition  of  the 
capability  to  compute  the  atmosphere  parameters 
usinq  the  Hypsometric  equation,  derivation  of  a 
caustic  warning  parameter,  addition  of  auto¬ 
matic  plotting  of  the  complete  sonic  boom  pres¬ 
sure  signatures,  and  improvement  of  the  Input/ 
•-utpuc  sdiciss  {including  files  on  magnetic  tapes 
for  storing  Various  input  data) .  Detailed  in¬ 


structions  on  use  of  the  program  are  given,  and 
a  sample  set  of  input  data  with  corresponding 
results  from  the  program  are  presented.  Also, 
the  program  design,  structure,  and  logic  are 
described  in  detail  along  with  a  brief  descrip¬ 
tion  of  the  purpose,  method,  inputs/outputs, 
etc.,  of  each  subroutine.  A  complete  listing  of 
the  FORTRAN  IV  source  deck  is  included  in 
Appendix  B. 

The  computer  program  developed  by  Hayes,  Haefeli, 
and  Kulsrud  was  a  great  improvement  over  previous 
methods,  mainly  because  it  took  into  account  air¬ 
plane  maneuvers  and  near-field  effects.  The  im¬ 
provements  to  this  program  made  In  the  present 
paper  increase  its  capability  and  economy.  Thus 
these  improvements  are  important  contributions 
to  an  already  valuable  portion  of  sonic  boom 
theory. 
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MEASUREMENTS  OF  THE  REFRACTION  AND  DIFFRACTION  OF  A 

SHORT  N-WAVE  BY  A  GAS-FILLED  SOAP  BUBBLE 

Bruce  A.  Davy  and  David  T.  Blackstock 

The  Journal  of  the  Acoustical  Society  of  America, 

Vol.  49,  No.  3  (Part  2),  1971,  pp.  732-737 

In  the  Investigation  discussed  in  this  paper  a 
spark-generated  N-wave  was  refracted  and  dif¬ 
fracted  by  a  gas-filled  soap  bubble  and  the 
resulting  waveform  neasured.  The  purpose  of  this 
experiment  was  to  test  Pierce's  proposal  (see 
capsule  summary  P-80)  that  the  peakino  and 
rounding  observed  on  sonic  boom  press  •> igna- 
tcres  is  due  to  refraction  and  difft 
caused  by  atmospheric  inhomogene  it  ic  >rd- 

ing  to  this  theory,  the  low-frequenc  r  nents 
of  the  N-wave  will  be  diffracted  around  the  in¬ 
homogeneity  and  reach  the  observer  relatively 
unchanged.  The  high-frequency  components,  how¬ 
ever,  will  either  be  focused  or  defocused,  de¬ 
pending  upon  whether  the  lens  has  converging 
or  diverging  properties,  respectively.  In  this 
experiment  the  bubble  acted  as  a  converging 
lens  when  filled  with  argon  and  as  a  diverging 
lens  when  filled  with  helium. 

It  was  found  that  the  argon  lens  caused  a  sub¬ 
stantial  peaking  of  the  wave,  the  peaked  wave 
amplitude  being  ebbut  three  times  that  of  the 
unobstructed  control  wave.  Conversely,  the 
helium-filled  bubble  was  found  to  be  very 
effective  in  rounding  off  the  shocks.  These 
results,  however,  only  qualitatively  support 
Pierce's  theory,  since  many  of  the  particular 
conditions  asswmjd  by  Pierce  were  not  repro¬ 
duced  in  this  experiment.  Pierce  chose  an  in- 
homogsnsicy  -lid  enough  so  that  the  diffracted 
and  refracted  signal*  had  nearly  equal  arrival 
times  and  comparable  amplitudes,  ir.  tnc  present 
experiment  neither  of  these  conditions  was  me l. 
Furthermore,  t!:e  finite  size  of  the  microphone 
made  an  exact  interpretation  of  the  results  very 
difficult,  since  it  was  expected  that  the  wave¬ 
form  on  the  axis  might  be  quite  different  from 
that  observed  off  the  axis. 

In  spite  of  its  limitations,  the  present  in¬ 
vestigation  was  the  first  controlled  experiment 
to  demonstrate  the  plausibility  of  Pierce's 
theory. 
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STATISTICAL  THEORY  Of  ATHOSPHERIC  TURBULENCE  EFFECTS 
OS  SONIC-BOOM  RISE  TIMES 
A.  0.  Pierce 

The  Journal  of  the  Acoustical  Society  of  America, 
Vol.  43,  No,  3  (Part  2),  1971,  pp.  906-324 

A  theory  is  presented  in  this  paper  which  . 
attempts  to  explain  the  anomalously  large  rise 
times  of  sonir  boots  pressure  signatures.  Accord¬ 
ing  to  theory,  these  rise  tines  should  be  on  the 
order  of  10-80  jiscc.  However,  observed  rise 
times  are  typically  about  5  msec.  The  theory  , 
presented  here  attempts  to  explain  this  disparity 
In  terms  of  a  wavefront-folding  aschanisn. 

The  theory  is  based  upon  the  assumption  that  a 
shock  front  develops  ripples  as  it  propagates 
through  regions  of  atmospheric  turbulence.  These 
ripples  are, according  to  geometric  acoustics, 
subsequently  transformed  to  folds  in  the  front 
when  the  shock  passes  vertices  of  caustics,  as 
shown  ir,  the  figure  below,  which  was  taken  from 
this  piper. 


According  to  the  theory,  the  process  of  wave- 
front  fffldir.g  may  occur  many  times,  providing 
that  the  strength  of  the  small-scale  turbulence 
is  sufficiently  great,  up  to  once  for  each  in¬ 
wardly  concave  ripple  that  develops  along  the 
shock  front.  A  sketch  of  such  a  multi-folded 
shock  front  is  shown  in  the  figure  below,  which 
■■•as  taken  from  this  paper.  Thus  an  observer  at 
a  far-fieid  point  would  notice  many  segments  of 
the  folded  front  pass  by.  This  could  lead  to  the 
type  of  signature  shown  in  the  f inure  below 
'  which  is  composed  of  a  large  number  of  discrete 
pressure  jumps  (called  microshocks  by  the  author) . 
The  net  effect  is  a  waveform  with  an  anomalously 
large  rise  tine.  Each  jump  in  this  signature 
correspond*  to  a  segment  of  the  folded  wavefront. 
It  is  hypothesised  that  the  effects  of  viscosity 
would  tend  to  sawar  out  the  fine  structure. 
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A  mathematical  model  is  then  developed  which 
describes  such  a  process.  The  model  is  dependent 
upon  the  statistics  of  the  turbulence  through 
three  parameters,  one  of  which  is  crow's 
characteristic  time  tc  (see  capsule  summary 
P-79) .  An  analysis  is  made,  based  on  the  model, 
which  substantiates  the  supposition  that  typi¬ 
cal  waveforms  are  composed  of  many  very  small 
discrete  microehocks.  An  expression  for  the 
ensemble  average  of  the  early  portion  of  the 
ground *level  signatures  is  derived  for  which 
the  corresponding  rise  time  is  found  to  be  of 
the  order  of  (2  to  3)tc  (Crow  estimated  tcfco 
be  about  0.7  msec) .  This  gives  a  rise  time  of 
about  2  msec,  which  is  in  reasonable  agreement 
with  measured  data.  It  is  shown  that  nonlinear 
ef facts,  while  not  necessarily  negligible,  are 
insufficient  to  nullify  the  mechanism. 

Although  the  mechanism  of  wavefront  folding 
appears  to  be  very  plausible,  the  conclusion 
that  wavefront  folding  is  the  primary  cause  of 
anomalous  rise  time  remains  tentative  because  of 
the  many  approximations  employed  in  the 
analysis. 

In  a  later  paper  (see  capsule  summary  P-124) 
George  and  Plotkin  propose  a  theory  which  ex¬ 
plains  sonic  boom  rise  tirel  ir.  :c«:j  of  reach¬ 
ing  a  balance  oetwaen  noni  irw.  m  steepening  af¬ 
fects  and  a  dissipative  mechanism  due  to  accuse1, 
scattering  of  high  frequency  energy  out  of  the 
incident  wave  direction.  However,  neither  that 
theory  nor  the  theory  of  the  present  paper  ha# 
been  verified  experimentally.  There  have  teen 
two  experimental  investigations  and  «jne  theo¬ 
retical  paper  which  indicate  that  the  wavefront¬ 
folding  mechanism  may  have  some  validity,  how¬ 
ever.  In  the  first  experimental  investigation 
Beasley,  et  al,  (see  capsule  summary  P-102!  tissd 
spark-generated  N-waves  to  investigate  focusing 
ef  weak  shock  waves.  They  found  that  vseif 
shocks  (about  2  p*f*  Ceeyed  th*  jaws  of  geo- 
p^trical  acoustics-  wh-*-  passing  through  a  focus, 
which  is  in  agreement  with  the  supposition  si 
tiie  wavefront  folding  theory.  In  die  3icond  ex¬ 
perimental  investigation,  Haglieri,  using  an 
array  of  ground  microphones  to  da terming  the 
shape  of  a  sonic  boom  shock  front,  found  ayi- 
U«!i.;e  confirming  the  presence  of  ripple*  in  the 
wsv« front  (se*  capsule  ouacssry  r-36).  And, 
finally,  in  an  analytical  inveatigatior.  Parker 
«nd  Zalorh  (see  trspsglv.  cwu&v  F-tC-1)  showed 


that  realistic  atmoapheric  temperature  inhooo- 
genaities  can  be  expected  to  result  in  focusing 
factors  of  2  or  less. 

Thus,  even  though  the  complete  theory  of  the 
present  paper  has  not  yet  been  experimentally 
verified,  the  basic  hypotheses  of  the  theory 
have  been  shewn  to  be  very  plausible. 
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PROPAGATION  OF  SONIC  BOOMS  AND  OTHER  WEAK  NON¬ 
LINEAR  WAVES  THROUGH  TURBULENCE 

A.  K.  George  and  K.  J.  Plotkin 

n>»  =hysic*  of  Plaids,  Vol.  14,  Ho.  3,  March  1971, 

fp,  548-554 

The  structure  of  weak  shocks  propagating  over 
long  distances  through  turbulence  modeled  by 
sound  speed  fluctuations  is  investigated  in  this 
paper.  The  equations  of  continuity,  entropy,  and 
momentum  for  an  inviscid  compressible  fluid  are 
used  and  the  pressure  is  expanded  in  a  perturba¬ 
tion  series.  This  results  in  a  system  of  equa¬ 
tions  of  various  orders  which  are  used  to  obtain 
a  single  equation  for  the  wave  structure.  It  is 
shown  that  the  «c,ji  librium  wave  shape  is 
governed  by  a  balance  between  nonlinear  steepen¬ 
ing  and  a  dissipative  mechanism  due  to  acoustic 
scattering  of  high  frequency  energy  out  of  the 
incident  wave  direction.  This  scattered  energy 
appears  as  perturbations  arriving  behind  the 
shock,  "or  conditions  representative  of  sonic 
boom  and  explosion  waves  propagating  over  long 
distances  it  is  shown  that  the  equation  govern¬ 
ing  the  wave  structure  reduces  to  the  following 
Burgers'  equation,  which  is  similar  to  that 
describing  viscous  shocks,  the  difference  being 
that  parameters  describing  the  turbulent  scat¬ 
tering  appear  in  the  dissipative  term: 

*£  *  JJ.±JZP  «£  .  (2L  ,  il 

dt  27  dx 

where  P  is  the  wave  structure  with  first  scat¬ 
tered  waves  removed,  a„  and  P„,  are  mean  tabient 
sound  speed  and  pressure,  X  is  the  wave  fixed 
coordinate,  e2  is  tne  turbulent  intensity,  and  Lq 
is  the  turbulent  macroscale  length,  it  is  then 
shown  that  the  theoretical  predictions  resulting 
from  this  equation  agree  in  order  of  magnitude 
with  experiments  on  atmospheric  propagation  of 
sonic  boom  and  explosion  waves. 

Crew  (see  capsule  summary  P-79)  made  an  analysis 
based  on  first  order  scattering  theory  which 
showed  that  many  of  the  characteristics  of  ths 
random  perturbations  of  the  observed  waves  could 
be  predicted  by  turbulent  scattering.  He  con¬ 
sidered  the  perturbations  caused  by  a  discon¬ 
tinuous  shock  wave.  His  results,  therefore  - 
include  scattering  from  very  high-frequency 
components  in  the  incident  wave.  However,  his 
theory  predicts  very  strong  scattering  for  high 
frequencies.  As  a  result  the  generally  reason¬ 
able  predictions  become  enormous  near  the  shock 
wave  where  the  observed  perturbations  reach  * 
finite  maximum.  It  is  show,  in  this  paper  that 
in  order  to  correctly  predict  the  maximum  mean 
square  fluctuations  the  thickened  shock  struc¬ 
ture  must  be  included.  Crow  noted  th‘s  *--3 
mised  that  a  second  order  theory  wogid  bo  neces¬ 
sary.  lb*  pre-qr.t  paper  investigates  this 


thickened  shock  structure  and  shows  it  to  be 
due  to  strong  turbulent  scattering  of  high- 
frequency  components. 

This  was  one  of  the  first  attempts  to  explain 
the  fact  that  the  thicknesses  of  the  shocks 
associated  with  sonic  booms  are  of  the  order  of 
102  times  that  which  13  predicted  by  conventional 
shock  structure  based  upon  ordinary  viscosity  and 
heat  conduction. 
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DIFFRACTION  OF  A  PULSE  BY  A  THREE-DIMENSIONAL  CORNER 
Lu  Ting  and  Fanny  Kung 
NASA  CR-1728,  March  1971 

This  is  an  extensive  theoretical  investigation 
into  the  diffraction  of  a  pulse  by  a  three- 
dimensional  corner.  The  following  results  are 
obtained  in  this  paper: 

1.  The  conical  solution  for  the  diffrac¬ 
tion  of  a  plane  acoustic  pulse  by  a 
three-dimensional  corner  of  a  cube  is 
obtained  by  separation  of  variables. 

2.  A  systematic  procedure  is  presented 
sued:  that  the  eigenvalue  problem  is 
reduced  to  that  of  a  system  of  linear 
algebraic  equations.  Numerical  results 
for  the  eigenvalues  and  functions  are 
obtained  and  applied  to  construct  the 
conical  solution  for  the  diffraction 
of  a  plana  pulse. 

3.  The  numerical  results  suggest  that  the 
eigenvalues  for  corners  can  be  approxi¬ 
mated,  one  by  one,  by  the  eigenvalues 
for  circular  cones  of  the  same  solid 
angle. 

4.  "Me an -value"  theorems  are  derived  for 
solutions  of  wave  equations  so  that  the 
resultant  wave  at  the  vertex  of  a  cone 
can  be  related  to  the  incident  wave  or 
the  value  at  the  vertex  of  a  different 
cone.  These  theorems  are  useful  to  ex¬ 
tend  the  knowledge  of  the  conical  solu¬ 
tions  to  the  adjacent  corners  or  edges. 

Relevant  nvoerical  programs  for  the  analysis  are 
presented  in  the  appendix. 

rib:  rior.  to  being  useful  in  following  the 
...it ion  of  sonic  booms,  these  results  would 
qe  of  use  in  analysing  the  effect  of  booms  on 
structures  and  terrain. 
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SONIC  BOOM  AS?  TURBULENCE  INTERACTIONS  - 
MEASUREMENTS  COMPARED  WITH  THEORY 
A.  B.  Bauer 

AIAA  Paper  No,  71-t-lS.  Junt  21-23,  1971 


In  this  investigation  a  ballistic  range  was  used 
to  fire  projectiles  for  .generating  laboratory- 
scale  sonic  booms.  The  boom  signatures  were 
recorded  by  means  of  two  microphones  after  ths- 
signature  wave  forme  were  modified  by  travel ',ng 
through  turbulen.a  in  a  large  jel  -it  sir.  The 
signatures  showed  the  random.  and.  rpir.y  nature 
that  has  been  measures  <rc.r  full  scale  „onl c 


noons,  More  than  600  signatures  and  shadow¬ 
graphs  of  the  shock  str  cture  ware  recorded.  Jet 
turbulence  measurements  oece  urad  with  the  theo- 
rttical  formulation  of  Crow  (see  capsule  sisamary 
P-79)  to  predict  statistical  results  whi.h  are 
compared  with  a  statistical  v-ialysis  of  the 
signatures. 

The  results  show  that  Crow's  theory  is  in  rough 
agreement  with  the  measured  pressure  fluctua¬ 
tions.  This  rough  agreement  is  all  that  was  ex¬ 
pected  since,  as  stated  by  the  authors,  only  ;» 
approximate  comparison  between  expenmtnh  a., 
theory  was  carried  out  here.  This  approxi  '  *i  , 
was  due  to  the  approximate  nature  of  the 
theories,  the  difficulties  ir.  making  measure¬ 
ments,  and  the  random  nature  of  turbulence. 

This  paper  is  very  similar  to  the  latter  portion 
of  an  earlier  paper  by  Bauer  and  Bagley  (see 
capsule  summary  I*— lid)  .  The  reader  is  referred 
to  that  capsule  summary  for  additional  details 
of  this  work. 
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XPEEIMEN TAL,  INVESTIGATION  OF  N-WAVE  INTERA'T'.ON 
T.'H  TOPOGRAPHIC  MOD  EES 
.  Poscnku 

1AA  i-a)>.T  No.  ‘!1-619,  Presented  at  AIAA  4th  Fluid 
r.d  Plasma  Dynamics  Conference,  Palo  Alto,  Calif., 

ant-  3,  .e  l 

"lie  reijita  _.r  an  expenr.vental  progt am  conducted 
to  atudv  in'  time  history  of  the  surface  pres¬ 
sure  die  to  sonic  boon  interaction  with  several 
topogr  '.eh:  :  configurations  are  presented  in  this 
pater.  Tie  purpose  of  the  experiments  was  to 
*ali date  the  predictions  of  acoustic  theory  for 
I  or.f  igurations  and  to  demonstrate  that 
*.ie  NA.-.,  'GAEL  (General  Applied  fcience  Uabora- 
toriol  soni.-  boom  simulator  co-i  d  oe  used  to 
provide  surface  pressure  data  rci  topographic 
jeonetr-.es  which  are  not  readily  amenable  to 
"hecret i.-al  treatment. 

(Tic  '.‘AEA/SABi.  jn. c  boom  .nmulltor  »s  shown, 
scnunatically  in  tne  fiuu-e  nciew,  whicn  was 
taken  from  t..;s  pace;  .  Tne  three  major  components 
ol  the  facility  »-•;  the  mass  flow  control  valve, 
t>  a.uar*  or  js.s-sectton  conical  duet,  and  nr. 
or  .ui  wr  1, rated  at  tr.e  duct  ‘.(.-miration.  Tne 
joncc^i-  of  operation  based  on  a  controlled 
gaj  yjis  flow  through  a  sonic  orifice  located 
at  tne  ,-r.  j.r.  jf  the  conical  duct.  The  facility 
can  ce  operated  in  two  modes:  for  short  duration 
sonic  c.»o-.  signatures  (1-6  msec),  s  diaphrags. 
c.i'st  :s  used  to  discharge  ‘-ha  air  contained 
ir.ir,  tnt  plenum  cr.jts-cr,  whereas  long  duration 
waves  arc  rated  oy  a  j-r<-a  ribed  regulation 
or  mans  :  ,  -u  rate  at-.iSeJ  by  varying  the 
•  ,.i  ur.f:  ■  a  .a  of  tne  valve.  The  diaphragm 

-  iit>  of  -  .’.ion  was  employed  for  the  studies 
tei  -j,  teu  r.e:.-,  since  scaled  wave  lengths  eorres- 
,  -..dir.4  tj  msec  deration  were  required. 
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The  various  topographical  configurations  investi¬ 
gated  include  step,  corner,  overhang,  cavity,  and 
two-building  models,  simple  acoustic  theory  was 
used  to  predict  the  wave  shape  and  intensity 
resulting  from  reflections  from  each  of  these 
models.  Each  medal  wes  then  placed  in  the  sonic 
boom  simulator  and  the  measured  signatures  were 
compared  with  the  predicted  signatures.  The 
results  shewed  good  correlation  between  the 
measured  and  predicted  pressure  signatures. 
Specifically,  goed  agreement  with  the  results  of 
the  theoretical  treatment  by  Ting  and  Kung  (see 
capsule  sumary  P-149)  was  obtained.  The  table 
below  summarizes  the  predicted  and  measured  in¬ 
tensification  factors  (ratio  of  maximum  over¬ 
pressure  after  wave  has  interacted  with  topo¬ 
graphic  model  to  free  stream  maximum  overpres¬ 
sure)  for  each  of  the  configurations. 
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it  is  concluded  that  the  acoustic  horr.  ur'-Jhd 
facility  i«  an  appropriate  tool  for  the  invest1 - 
gat ioA  of  complex  configurations  for  whicn  theo¬ 
retical  treatment  is  limited. 

In  a  previous  investigation  Brooks,  Beasley,  and 
Barger  (see  capsule  summary  P-112)  used  a  Tpar’i- 
,enerated  S-wave  to  investigate  diffraction  and 
reflection  of  sonic  booms  by  buildings.  However, 
tneir  overpressure  measunaents  were  not  very 
accurate  and  only  qualitative  conclusions  were 
reached.  These  conclusions  were,  for  tne  irost 
p.irr,  in  agreement  with  those  of  the  present  in¬ 
vest!  jatiot. .  The  one  exception  was  that  Brooks, 
et  al.  predicted  that  diffraction  effects  would 
prevent  the  intensification  factor  from  reaching 
4  at  the  forward  face  of  the  building,  in  con¬ 
tradiction  to  the  raeasur; d  results  of  the  present 
investigation. 

Bauer  and  Begley  (see  capsule  sun-mary  P-113, 
used  a  ballistic  range  to  investigate  topographi¬ 
cal  effects  on  sonic  booms.  Their  results  agree 
quite  well  -with  those  of  the  present  taper-. 

This  paper  makes  excellent  use  of  illustrations. 
For  each  model  the  wave  pattern  predicted  oy 
theory  if,  shown  schematically,  together  with  the 
Biierophom  locations.  Also  shown  is  the  theo¬ 
retical  pressure  signature  which  would  result 
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from  such  a  wav*  pattern.  Shown  right  next  to 
Uiis  is  tli a  neaaurcd  wav*  pattern,  waking  a  com¬ 
parison  between  experiment  and  theory  very  easy 
for  the  reader. 

P-129 

SAX r*!U?l  OVERPRESSURES  Of  SONIC  BOOHS  NEAR  THE  CUSPS 
OF  CAUSTICS 
A.  C.  Pierce 

Noise  and  Vibration  Control  Engineering,  Purdue, 
1971,  pp.  544-553 

in  this  paper  an  approximate  theory  is  presented 
far  estimating  the  peak  overpressure  at  a 
caustic  cusp  (also  celled  an  arete  or  a  line  of 
scpes  -focaiiiiation; .  the  important  parameters  of 
the  analysis  are  shown  to  bes  (1$  the  Minimum 

radius  'f  curvature  R  of  the  shock  front  some 
o 

*  w  before  it  reaches  the  cusp;  (2)  the  second 

derivative  R  "  of  the  curvature  radius  with 
o 

respect  to  transverse  distance  along  the  front; 
ar,d  (3)  the  peak  overpressure  A PQ  at  the  point 


where  R  and  R  ' 
o  o 


are  measured. 


An  extensive  mathematical  Model  is  developed 
which  incorporates  all  of  the  various  processes 
which  take  place  at  an  arete.  These  include  the 
overpressure  magnification  predicted  by  geo¬ 
metrical  acoustics,  diffraction  effects,  the 
increase  of  shock  speed  due  to  finite  amplitude 
effects,  the  inherent  dissipation  at  the  shock 
front,  and  the  stretching  of  the  waveform. 

The  principal  result  of  the  analysis  is  that  the 
greatest  peak  overpressure  near  ar.  arete 

is  of  the  order  of 

P  CAP  /P  )2/3(R  R  1/3 
o  o  o  o  o 

This  is  applied  to  the  cases  of  superbco&s 
resulting  from  maneuvers.  It  in  concluded  that 
the  focus  factor  at  a  cusp  varies  with  the 
nominally  expected  overpressure  Ap  as 


<p  /AP  )  . 

o  now 

i.  check  on  the  theory  is  then  made  using  the  ex- 
:  .-rinentai  data  of  Manner,  et  al.  (see  capsule 
i  jjTm’ry  P-155).  For  the  particular  case  chosen 
horizontal  turning  maneuver  of  Mirage  IV  air¬ 
craft  at  36.000  feet  and  M  ■  1.7)  the  measured 
focus  factor  at  the  super-focus  was  9.  The  cal¬ 
culated  value,  based  on  the  theory  of  the 
present  paper,  was  7.  it  was  fait  that  this  agree¬ 
ment  was  fairly  good,  considering  all  of  the 
approximations  involved  in  the  theory.  However, 
further  experimental  verification  of  the  theory 
is  required  to  determine  whether  this  agreement 
was  fortuitous. 
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SOStC-BOCM  CALCULATION  IN  A  STRATIFIED  ATMOSPHERE 

M.  achorling 

Noise  and  Vibration  Control  Engineering,  Purdue, 

1971,  pp.  538-543 

This  paper  is  an  extension  of  a  previous  paper 
by  Schorling  (se®  ipsui*  stawary  0-55) .  That 
paper  presented  a  second  order  solution  for  the 
case  of  a  homogeneous  atmosphere  of  the  super¬ 


sonic  flow  in  the  far-field  of  a  slender  lifting 
body  with  a  nearly  circular  cross-section.  That 
theory  is  extended  in  this  paper  to  a  stratified 
atmosphere  in  which  the  speed  of  sound,  a, 
changes  with  the  altitude,  z,  of  the  flight.  The 
density,  p,  and  pressure,  p,  are  assumed  to  obey 
the  hydrostatic  law  dp  *  -pgds.  The  gas  is  con¬ 
sidered  to  be  nonviscous,  homoenergetic,  h omen- 
tropic,  and  steady  in  the  undisturbed  field  as 
well  as  in  the  disturbed  flow  field.  Except  for 
these  assumptions,  the  method  of  solution  is  the 
same  as  that  af  the  previous  paper.  The  reader 
is  referred  to  capeule  summary  G-55  for  further 
details  of  this  work. 
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METEOROLOGICAL  MEASUREMENTS  IN  SUPPORT  Of  THE  NASA 

GRAZING  SONIC  ROOM  EXPERIMENT  AT  JACKASS  FLATS, 

NEVADA 

G.  A.  Herbert,  A.  Giarrusso  • 

NCAA  Technical  Memorandum,  ERL  ARL-35,  Aug.  1971 

This  report  discusses  the  meteorological  data 
measured  in  support  of  the  NASA  Grazing  Sonic 
Root:  Experiment  at  Jackass  Flats,  Nevada,  and 
the  manner  in  which  these  measurement*  were 
made.  Sonic  booms  originating  from  aircraft 
flying  at  speeds  compart/ le  to  the  speed  of 
sound  at  ground  level  were  recorded  on  the 
ground  and  on  the  460-m  BREN  tower  on  the 
Nevada  Test  site.  The  propagation  velocity  of 
sound  was  determined  by  measuring  the  temper¬ 
ature,  wind  speed,  and  direction  from  the 
surface  (3  a)  to  the  aircraft  flight  altitude 
(30.3  km).  Theie  data  wera  collected  by  rawin- 
sondes,  aircraft-mounted,  and  tower-mounted 
instrumentation.  Profiles  fro-a  these  systems 
were  compared  in  regions  where  the  soundings 
overlap  tn  time  and  space.  Estimates  of  the 
rat*  of  kinetic  energy  dissipation,  an  impor¬ 
tant  parameter  in  deter*; in-c  the  affect  of 
atmospheric  turbulence  on  weak  shocks,  were 
computed  from  airborne  and  tower  data.  Atnoa- 
pherlc  stability  was  calculated  from  average 
wind  speed  ar.d  temperatures  measured  on  the 
Brer,  tower. 

Hayes'  computer  program  (see  capsule  sr 
P-98;  was  used  to  show  that  when  the  grao  eiiv 
of  the  propagation  velocity  in  the  lowest  kilo¬ 
meter  is  small,  the. paths  of  rays  generated 
at  low  Mach  numbers  pass  close  to  local  topo¬ 
graphic  features. 

The  meteorological  measurements  discussed  in 
this  paper  are  used  by  Haglund  and  Kane  (see 
capsule  suswary  P-162)  in  a  later  paper  which 
contains  an  analysis  of  the  measured  sonic  booms 
obtained  in  this  experiment. 
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SONIC  BOOM  IN  TURBULENCE 

N.  A.  Horning 

NASA  CR-1879,  September  1971 

In  this  report  the  case  treated  from  first 
principles  is  that  of  random  overpressure 
peaks  with  maxima  which  exceed  by  an  unusual 
amount  the  single  pressure  peak  of  a  sonic 
boom  in  a  smoothly  varying  atmosphere.  The 
random  pressure  peaks  are  attributed  to  small 
temperature  and  velocity  fluctuations  in  typical 
atmospheric  turbulence.  This  attribution  is  sup¬ 
ported  by  the  agreement  between  the  data  and  the 
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calculation*.  Errors  in  ths  basic  analysis  and 
numerical  work  ara  b#liev#d  mall  cospared  to 
uncertainties  about  the  turbulence  at  the  tines 
data  were  measured. 

Guatinests  near  ground,  in  a  layer  of  sir  from  a 
few  hundred  to  a  thousand  feet  thick,  Aiy  infre¬ 
quently  produce  turbulence  so  strong  that  its 
effect  on  wav#  propagation  outweighs  that  of 
alt  turbulence  above  that  ground  layer.  The 
statistics  of  microficw  in  such  unusually  active 
ground  layers  are  not  well  understood,  nor  does 
the  present  study  treat  their  effect  cn  sound. 
Barring  such  ground  layers,  the  randan  pressure 
peaks  observed  in  sonic  boom  are  explained  by 
the  theory  of  the  present  paper,  the  authors 
believe. 

The  analysis  was  influenced  by  the  complexity 
of  the  wave  scattering  problem  presented  by  a 
sonic  boom  in  turbulence.  Vtus  complexity  arises 
largely  because  the  N-shapea  fora  .of  the  depend¬ 
ence  of  overpressure  on  altitude  contains  a 
wide  range  of  important  component  frequencies, 

It  is  a  oroad  banded  signal.  Wave  scattering  by 
turbulence  is  a  strong  function  of  sonic  fre¬ 
quency#  with  the  hignest  important  frequencies 
{  1C>  Hz)  randomized  witnin  a  10  meter  length  of 
wave  path  m  a  typical  atmosphere  near  ground. 

This  small  pathlength  for  randomization  require* 
multiple  scattering  in  the  quantitative  analyses 
of  coon  statistics.  The  analysis  used  is  a 
natural  extension  of  the  single  scattering 
tr.acry  of  Crow  (see  capsule  Suzstary  P-79)  whose 
conclusions  have  beer,  verified  more  quantitatively. 

Tr.o  data  presented  by  Garrick  and  Magiieii  (see 
capsule  summary  P-81)  is  used  to  check  the  theo¬ 
retical  predictions  of  the  present  paper.  It  is 
found  that  the  computed  results  are  in  gent  ral 
agreement  with,  the  data. 


THE  EFFECTS  CF  KSMD  AMD  TEMPERATURE  GRADIENTS  CM 
SCSIC  SCO*  CORRIDORS 
?.  Dr.yeonwu 

UT1AS  Technical  Note  so.  163,  AFCsr-TR-71-308?, 
C-Ct .  ,  1/71 


tail  wind,  side  wind  (blowing  froia  right  of 
flight  path  to  the  left),  and  head  wind, 
respectively.  Several  other  figures  of  a  simi¬ 
lar  natufe  are  also  presented  in  the  paper. 
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Th->  following  conclusions  were  reached  as  a 
result  of  this  investigation. 

(i)  T.ie  results  show  that  whereas  a  complete 
cut-off  ef  ,or.ic  boom  for  flints  above 
the  tropcpa-ise  in  a  quiescent  standard 
atmosphere  occurs  for  M<1.15,  the  cut¬ 
off  Mach  number  is  reduced  by  the  tail 
wind.  Specifically,  a  tail  wind  of  about 
87  knots  will  reduce  the  <'vt-off  Fach 
number  to  K  =  1.0  at  the  appropriate  alti¬ 
tude  within  the  tropopausc. 


A  calculation  of  sonic  boom  corridors  based  on 
closed  form  solutions  of  the  ray  acoustic  equa¬ 
tions  (see  capsule  summary  P-93)  using  piecewise 
linear  atmospheric  mole Is  of  winds  and  tempera¬ 
tures  is  presented  in  this  paper.  Detailed  solu¬ 
tions  of  ray  tracing  equation.*  are  presented  for 
all  possible  variations  of  winds  and  tesgxsra- 
tures ,  within  the  frameworx  of  the  assumed  hori¬ 
zontally  stratified  model  atmosphetc.  The  effects 
of  aircraft  flight  altitude  and  Mach  nizatoer, 
wind  and  temperature  gradients,  and  wind  direc¬ 
tion  on  sonic  ooce  corridor  are  investigated  in 
detail,  including  the  effects  of  non-standard 
atmospheres  such  a*  prevail  m  winter  months. 

The  figure  below  is  an  example  ot  the  results 
obtained.  This  figure  Illustrates  ths  effect  of 
flight  Mach  number  and  wind  speed  on  some  boon 
corridors.  In  this  figure  five  groups  of  cor¬ 
ridors  (length  of  cash  strip  represents  corridor 
widtnst  width  of  each  strip  is  non-dimensional) 
labelled  A,  3,  C,  D,  E  are  shown,  within  each 
group,  starting  from  the  left  and  proceeding 
to  the  right,  the  strips  represent  no  wind. 


Theoretical ly,  *  .iciently  his£i  head 
winds  will  canf  •  the  sonic  boom  to  the 
flight  track  or.  with  attendant  focus¬ 
ing  effects;  higher  winds  will  cause 
boo*',  cut-off.  However,  the  required  head 
winds  increase  with  Mach  nuofcer  and 
exceed  200  knots  above  M  *  1.5,  The  nam 
effect  of  side  winds  is  to  shift  the  cor¬ 
ridor  laterally  ieewaid  with  respect  to 
the  flight  track,  tlic  shift  being  ir,  pro¬ 
portion  to  the  wind  strength,  side  winds 
less  than  20  knots  at  40,000  feet  do  not 
alter  the  width  of  the  corridor  frees  the 
no-wind  case,  but  higher  winds  cause  a 
slight  reduction,  In  particular,  a  side 
wind  of  20C  knots  at  4u,o00  feet  causes 
a  13A  reduction  ir,  corridor  width  from 
the  no-win J  ease. 

It  is  found  that  for  small  to  moderate 
wind  profiles  and  H>1.5,  the  increase 
in  corridor  width  (above  no-wind  case) 
due  to  tail  wind  it  approximately  equal 
to  the  decrease  due  to  head  wind.  For 
stronger  winds  at  the  sane  Mach  nuz£ur. 
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haad  winds  produce  progressively  higher 
decrease  in  corridor  width  than  the 
increase  doe  to  tail  winds,  The  largest 
variations  in  corridor  widths  due  to  tell 
winds  occur  .‘'or  M<1.3. 

i-i!  Use  effect  of  winds  on  sonic  boot*  corridor 
is  more  pronounced  for  flights  above  the 
tropopause  where  isothermal  conditions  pre¬ 
vail,  but  is  less  significant  for  flints 
below  the  tropopause  where  temperature 
effects  are  dominant.  Based  on  the  results 
for  non-standard  atmospheres,  the  grouts! 
tenperatur:  is  the  greatest  single  mete- 
orologica.,  parameter  affecting  the  sonic 
boot*  corridor;  the  influence  of  ground 
tesgjerature  is  such  that  higher  than 
standard  temperature  constricts  it,  while 
lower  than  standard  temperature  expands  it. 

In  a  previous  investigation  Kane  and  Pabaer  (see 
capsule  summary  P-42)  obtained  results  concert ng 
the  lateral  spread  of  son .c  booms  which  wer*  sore 
realistic  than  these  of  tits  present  paper  because 
they  used  representative  wind  profiles.  The 
results  of  the  present  paper  for  high  altitudes 
and  high  winds  are  somewhat  unrealistic  because 
the  winds  do  not  normally  blow  as  hard  as  assumed 
above  40,003  feet. 
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TIME  DEPENDENCE  OF  VARIANCES  OF  SONIC  BOON  WAVEFORM 

S.  Kamali,  A.  D.  Pierce 

Nature,  Vol.  234,  Nov.  5,  1971,  pp.  30-31 


The  mean  waveform  jpj  and  variance  j  Ip-  |p|J 
are  estimated  in  the  present  paper  from'*  comjJUJ 
tat  ion  of  the  numerical  averages  of  P,(t)  and 
IP.(t)  -  P  (t>)  a  for  tha  eat  of  sample  signa¬ 
tures.  Die  relative  variance!  ^2(t)i  is  defined 


j*2(t>{ 


j[p-H 


2  2 
/WPJ 


where  AP  is  the  peak  overpressure  of  the  aver¬ 
age  waveform. 

A  comparison  of  tha  results  of  the  present  paper 
with  the  results  predicted  by  Crow's  theory  is 
made  based  on  data  for  two  different  flights  30 
seconds  apart.  For  times  between  about  7  and 
27  aa  tha  slopes  of  the  experimentally  deter¬ 
mined  curves  of  relative  variance  versus  time 
agree  quite  well  with  that  predicted  by  Crow's 
theory.  It  is  pointed  out  that  this  time  region 
includes  nearly  all  portions  of  the  waveform 
except  the  front  and  rear  shocks,  for  which 
Craw's  theory  is  least  accurate.  Thus,  it  is 
concluded  by  the  authors  that  these  results 
provide  substantial  support  for  Crow's  theory. 
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REAI.-GAS  effects  ih  vert  weak  SHOCK  WAVES  HI  DIE 
ATMOSPHERE  aid  Dir.  STRUCTURE  cr  SOHIC  MHOS 
J.  P.  Hodgson  and  U.  It.  Johannesen 
J.  Fluid  Mechanics,  vol.  50,  Part  1, 

November  15,  1971,  pp.  17-20 

Starting  fron  the  conservation  equations  of 


An  analysis  of  certain  data  obtained  during  the 
Edwards  Ai.  Force  Base  sonic  boom  experiments  of 
1966  is  presented  in  this  paper.  The  sonic  boom 
pressure  signatures  considered  here  ware  recorded 
at  forty-two  ground  level  microphones',  equally 
spaced  in  an  90X1  foot  linear  array,  during  level 
overflights  of.  F-104  fighter  aircraft  at  flight 
Mach  ntsabers  of  approximately  1.3  and  at  an 
altitude  of  approximately  30,000  feet.  The  array 
was  almost  directly  beneath  the  flight  path.  The 
variations  in  the  signatures  recorded  by  dif¬ 
ferent  microfhones  during  the  same  overflight 
were  believed  to  be  caused  primarily  by  atmos¬ 
pheric  turbulence.  Th"  purpose  of  this  Investi¬ 
gation  was  to  analyse  -he**  variations  and  to 
determine  the  extent  to  which  the  analysis  sub¬ 
stantiates  Crow's  theory  concerning  turbulent 
scattering  of  shoex  waves.  For  details  of  this 
theory  the  reader  should  refer  to  capsule  sum¬ 
mary  P-79.  The  present  analysis  is  concerned 


mass,  nomenttmt,  and  energy,  and  using  the  rate 
equation  for  relaxation  of  vibrational  energy, 
an  approximate  expression  is  derived  for  the 
thickness  of  weak  fully  dispersed  shock  waves. 
This  expression,  together  with  available  data 
on  the  themodyiurtic  properties  of  air,  is  usmt 
to  show  that  shocks  of  the  strength  expected  in 
sonic  boons  are  fully  dispersed.  Estimated 
relaxation  times  for  dry  and  hinirt  air  lead  to 
“id*  variations  in  possible  thickness,  varying 
from  millimeter.-,  to  meters. 

In  a  later  paper  (see  capsule  summary  P-172) 
Hodgson  performs  a  similar  analysis  which  takes 
ir.to  account  the  vibrational  relaxation  effects 
of  both  oxygen  and  nitrogen  in  contrast  to  the 
present  paper  which  considers  only  oxygon.  A 
nore  extensive  discussion  of  the  effects  of 
atmospheric  pressure,  temperature  and  husidity 
is  also  presented  in  the  later  paper. 


naiply  with  the  ensemble  average  of  the  square 
of  the  ratio  (P  )/AP  s 


*2(t>  =*  (t/te>"7/6  >  |(ps)/AP0} 

where  (P*)  i*  the  scattered  wave,  minus  a  phase 
shift  term  which  represents  the  increment  that 
nay  be  added  to  th#  incident  wave  to  account  (to 
first  order)  for  the  change  in  time  of  oneet 
caused  by  transit  speed  fluctuations.  Die  quan¬ 
tity  Ap  is  the  overpressure  of  the  incident 
step  pu?#e.  Die  parameter  t  is  a  complex  func¬ 
tion  of  (height  dependent)  parameters  charac¬ 
terising  the  atmosphere 's  state  of  turbulence  in 
th*  inertial  subrange  and  t  is  time. 


P-135 

TOE  PENDLETON  PROJECT— A  STUDY  OF  THE  ATMOSPHERIC 
EFFECT  ON  WEAK  SHOCK  WAVES  TRAVERSING  LONG  RAY 
PAWS 

G.  A.  Herbert,  w.  A,  Haas 

NOAA  Technical  Report  ERL  220-ARL  1,  Dec.  1971 

This  project,  conducted  between  Sectestoer  1968 
and  May  1970,  was  designed  to  study  in  detail 
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Che  effects  of  meteorological  condition*  on 
sonic  booms.  Oat*  consisted  of  boom*  reeuiting 
from  U.S.  Air  Fore*  SR-71  training  mission* 
flying  at  or  above  20  ka  and  fatter  than  Mach 
2«f>.  That*  wore  recorded  by  a  dense  grid  and 
line  array  of  self-activated  sicrophone- 
recorder  systems.  Meteorological  data  con- 
sifted  of  conventional  apper-air  soundings  to 
above  aircraft  level,  and  routine,  detailed 
sampling  of  boundary  layer  structure  and  tur¬ 
bulence  by  means  at  a  specially  instrumented 
light  aircraft. 

Observed  overpressures  and  those  wmputsd  using 
the  Mayes*  computer  program  (see  capsule  summary 
P-95)  were  quite  consistent,  and  it  was  found 
that  the  effects  of  the  real,  gross  astmoaphere 
were  within  5%  of  thoso  of  a  standard  atmos¬ 
phere  with  no  wind.  The  excellent  correlation 
between  observed  and  computed  overpressures, 
moreover,  remained  unchanged  with  lateral  off¬ 
set  of  the  flight  track,  indicating  that  the 
program  model  is  correctly  taking  propagation 
aspects  into  account.  The  program,  however, 
overestimated  the  magnitude  of  the  signature 
pressures  In  comparison  with  those  observed.  It 
is  hypothesised  that  this  nay  be  due  to  errors 
in  the  wave-shaping  portion  of  the  program,  to 
system  calibration  errors,  to  variations  in  the 
response  characteristics  of  the  microphones,  or 
to  a  coat-ination  of  these  factors. 

The  lacs  si  overflight#  during  the  summer  when 
strongly  turbulent  boundary  layer  conditions  are 
most  common,  and  the  general  degradation  of  sig¬ 
nature  detail  due  possibly  to  system  frequency 
response  as  well  as  to  interpretation,  made  it 
difficult  to  test  the  various  scattering  ivudel*. 
Nevertheless,  it  is  concluded  that  the  limited 
data  tend  to  support  crow's  (see  capsule  a 'Jr.- 
rvry  P-79)  concept  relating  a  "critical  time," 
v'liv  .lively  a  measure  of  turbulence,  to  the 
s.'_  '.ted  variability  in  observed  overpressures. 

A  .  loas  verification  of  the  validity  of  tne 
H*  .  ,  computer  program  was  made  by  Haefeli  for 
ts  ■  .c eady,  level  flight  ond  maneuvering  flight 

is  aps-dle  summary  P-S7»  ,  The  present  investt- 
•--ji  .  dealt  only  with  steady  level  flight,  but 

5  larger  amount  cf  experimental  data  was 

an  was  used  by  Haefeli. 

•:sr=ert  Hass,  and  Angel!  also  made  an  invests- 
jjt-.or;  of  atmospheric  effects  -an  sonic  booms 
•hiring  the  soulc  noo;s  experiments  at  Edwards 
*ir  force  Bass  (see  capsule  susaary  *»— 10 3> „  Tnat 
tv  J  -j  tig  at  ion  concentrated  mch  aore  heavily  on 
thv  effects  of  atmospheric  turbulence  than  did 
the  present  investigation. 
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ANALYSTS  OF  THE  JETLTIPLE  SCATTER  IMG  CF  SHOCK  WAVES 

BY  A  tl'HBidEST  ATMOSPHERE 

W.  J.  Cole  ana  M.  8.  Friedman 

KA5A  SP-255,  Third  Conference  op  Sonic  Boom 

Research,  3971,  pp.  67-74 

In  this  paper  it  is  shown  that  shock  tnickening 
can  be  derived  within  the  framework  of  a  nonper- 
turhetive  multiple-scattering  theory.  This  theory 
provides  for  a  direct  evaluation  of  the  fluctua¬ 
tion  intensity.  The  procedure  inherently  incor¬ 
porates  the  coupling  between  tr.e  intensity  of 


the  fluctuations  and  the  continuously  thickened 
shock  profile. 

The  analysis  is  based  upon  the  method  of 
"smoothing, "  which  involves  the  separation  of 
the  solution  field  into  its  coherent  and  inco¬ 
herent  (fluctuating)  parts.  The  first-order 
"smoothing"  approximation  is  equivalent  to  as¬ 
sisting  that  the  principal  contribution  to  the 
fluctuations  is  the  single  scattering  of  the 
coherent  field  instead  of  the  incident  undis¬ 
torted  field,  as  assumed  by  Crow  (see  capsule 
P-79) .  A  comparison  of  the  approximate  solution 
obtained  using  the  "smoothing"  method  and  an 
"exact"  numerical  method  showed  the  smoothing 
method  predicts  accurately  the  behavior  of  high 
frequencies,  whereas  the  single-scattering 
approximation  of  the  type  developed  by  Crew 
develops  inaccuracies  at  high  frequencies. 

To  apply  this  scattering  theory  to  the  sonic 
boom  problem,  it  is  ass'nsed  that  the  turbulence 
that  distorts  the  sonic  boom  K-wav«  is  concen¬ 
trated  in  the  3000-ft.  bxmdary  layer  near  the 
ground.  It  is  further  assumed  that  vhe  shock 
front  is  essentially  planar  and  that  the  scat¬ 
tering  experienced  by  the  shock  is  associated 
with  the  sharp  pressure  rise  across  the  sh  rk 
and  is  insensitive  to  the  rate  of  expensive 
behind  the  shock  so  that  only  a  step  ^uncriun 
shock  need  be  considered.  Therefore,  the 
problem  dealt  with  is  that  of  a  plane  shock 
incident  on  a  random  half  space  with  uni  fora 
statistical  properties.  The  procedure-  tea-ait* 
in  a  Burgers*  equation  similar  to  that  found  by 
George  and  Flotkin  (see  capsule  surssary  F-124?, 
which  is  solved  to  get  an  xcression  for  the 
coherent  acoustic  fluid  density. 

In  the  determination  of  the  incoherent  field 
the  phase-shift  contribution  (which  is  not 
measured  in  practice)  and  the  actual  seasarea 
fluctuation  contribution  are  separated.  TK«* 
makes  it  possible-  to  obtain  accurate  estiaa*-’* 
cf  actual  measured  shock  thickening  and  fiuesua- 
tion  intensities.  Flotkin  airi  George  (ae«  cap¬ 
sule  tusrsarv  P-124)  developed  a  method  of  cal¬ 
culi  ring  an  upper  bound  on  the  fluctuation  it- 
tensity,  but  not  the  actual  value  of  xi-m 
intensity.  Their  method  i*  equivai-n*.  to  aamm- 
ir.g  that  the  observed  fluctuation#  are  cmitnA 
by  fS-ittering  frc@  the  final  thickened  eie-Ciie, 
instand  of  the  actual  continuously  thickened 
profile,  as  assumed  in  the  present  paper,  Ihc 
analysis  of  the  present  paper  predicts  vaiu<*£ 
for  the  fluctuation  intensity  that  are  in  cider 
of  magnitude  scalier  than  those  predictad  cy 
George  and  Plotkin  for  a  given  set  of  turou* 
lance  parameters. 

P-15? 

FNEUNXNMY  HTVESTIGAHCN  OF  SCW1C  BOOK  WAVE  foms 

MM  FOCUS  IUQ  RAY  SYSTEMS 

Sanford  S.  Davis 

NASA  SP-255,  Third  Conference  on  Sonic  Boon  -esearen, 

1971,  pp.  133tH6 

An  investigation  is  presented  tn  this  paper  -of 
oie  characteristic#  of  cvspmd  shock  wave*  ty  us¬ 
ing  the  analogy  between  steady  supersonic  flows 
and  unsteady  two-diseneienai  flows,  in  this 
analogy  a  thin  wing  is  used  to  induce  a  eusped 
shock  wavs  in  the  flow  field. 


11« 


A  fundamental  difficulty  with  the  linearized, 
analytical  approach  to  the  cusping  problem  it 
that  the  solution  satisfies  the  mixed  Tricomi 
satiation.  This  difficulty  is  bypassed  in  the 
wing  probles  because  the  solution  can  be  ex¬ 
pressed  directly  as  an  integral  over  a  distri¬ 
bution  of  elesmntary  sources  on  the  wing  plan¬ 
ter?..  Furthermore,  it  is  shown  that  the  behavior 
of  the  singularities  of  this  linear  solution  at 
and  near  the  cusp  can  be  inferred  directly  by 
the  confluence  of  the  three  neighboring  root* 
corresponding  to  the  intersection  of  the  lead¬ 
ing  edge  of  the  wing  and  the  trace  of  the  Mach 
for econ<  ,  from  the  field  point  (x,y,x) . 

It.  is  proposed  that  the  form  of  the  linearized 
solution  derived  here,  when  expressed  in  a  geo¬ 
metrical  acoustics  coordinate  systee,  can  bo 
used  in  conjunction  with  Whithan's  hypothesis 
to  obtain  a  uniformly  valid  first  approximation 
to  the  exact  nonlinear  disturbance  field, 
shock,  it  is  shown  that  in  these  two-dimensional 
cases,  significant  errors  result  when  waves  are 
incident  on  the  shock  rather  obliquely. 

The  singularity  occurring  at  the  intersection  of 
a  conical  flow  field  and  a  shock  is  shown  to 
be  cancelled  by  reflected  waves  from  the  shock 
for  finite  Mach  number  shocks.  However,  the 
higher  order  terse  necessary  to  determine  the 
behavior  at  this  point  were  not  found  by  the 
technique  used  here. 

The  propagation  of  waves  through  a  nonuni fors 
region  before  reaching  a  shock  is  shown  to 
affect  the  strength  of  the  waves  and,  therefor*, 
the  strength  of  the  shock  after  its'  intersection 
with  the  wave.  Regions  of  two-dimensional  flow 
bounded  by  a  shock  and  three-dimensional  waves 
are  shewn  to  be  eliminated  as  the  three-dimen¬ 
sional  waves  propagate  across  the  region. 

It  is  pointed  out  that  ail  of  these  effects  can 
be  expected  to  produce  significant  variations  in 
near-field  shock  strengths. 

An  experimental  phase  is  proposed  which  would 
use  a  wing  with  a  concave  leading  edge,  inboard 
subsonic  and  outboard  supersonic,  to  indue*  a 
steady-state  cusped  shock  wave  in  the  disturbed 
region  below  the  wing.  A  static  pressure  rake 
would  then  be  used  to  manure  the  shock  wave 
signature  in  this  steady-flow  analogy  t>  the 
sonic  cutoff  problem.  The  author  conduces  t.-.*t 
the  results  of  such  an  experimental  investiga¬ 
tion  into  this  wing-induced  cusping  phenomenon 
should  serve  as  an  ideal  “first  cut**  for  the 
variation  in  strength  of  a  shock  wave  near  a 
caustic. 
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TitE  EFFECTS  OF  ATMOSPHERIC  IKHOSOOEHEITIES  OS  SCSIC 

1*00(4 

A.  R.  George 

KASA  3F-2S5,  Third  Conference  on  3 ode  boom 

Research,  1971,  pp.  11-57 

This  paper  presents  a  review  of  the  theories 
which  have  been  derived  to  explain  the  manner  in 
which  atmospheric  irregularities  distort  tonic 
boo*  signatures.  The  theories  discussed  are  those 
of  Pierce  (see  capsule  summary  P-SOJ,  Crow  (see 


capsule  s iai ary  P-79) ,  George  and  Plotilr.  (see 
capsule  summary  P-124),  and  other*. 

Bringing  the  different  aspects  of  the  various 
theories  together  results  in  the  following  physi¬ 
cal  picture  of  the  effects  of  i -homogeneities 
on  sonic  boom  propagation: 

ill  Only  the  largest  scale  atmospheric  in- 
hamegsneities  can  result  in  overall 
geometric  focusing  and  defecusing  of 
x-waves . 

(2)  Somewhat  smaller  scale  Inhomogeneities 
can  focus  and  defocus  the  higher  fre¬ 
quency  components  of  the  wave  (parts 
near  the  shock) ,  but  diffraction  makes 
lower  frequency  scattered  waves  appear 
as  random  perturbations  about  the  S- 
wave  shape.  The  lowest  frequencies  are 
only  weakly  affected  and  propagate 
essentially  unchanged. 

(3)  The  energy  lost  in  th*  scattered  waves 
results  in  a  decay  in  amplitude  of  the 
iuyT,  -frequency  components  of  the  signa¬ 
ture  that  is  eventually  balanced  by 
nonlinear  steep* -.‘ng  effects.  As  the 
signature  loaes  its  high-frequency  com¬ 
ponents,  geometric  focusing  becomes  loos 
important. 

(4)  An  the  diffraction  parameter  increases 
with  propagation  distance  or  wavelength 
there  is  *  progressive  shift  from  geo¬ 
metric  focusing  to  diffraction-dominated 
random  perturbations  and  shock  thicken¬ 
ing. 

(5)  Because  of  tfte  decay  c£  the  high-frequency 
components  of  the  original  wave,  the  maxi¬ 
ms  nondimensional  random  perturbation 
can  be  only  of  order  1.  These  perturba¬ 
tions  will  have  frequencies  of  the  order 
of  the  maximum  frequencies  left  in  the 
signature. 

(6)  Precise  predictions  are  still  not  possible 
because  of  both  tack  of  knowledge  of  at¬ 
mospheric  structure  and  some  approxima¬ 
tions  in  the  available  analyses.  However, 
approximate  predictions  based  on  esti¬ 
mated  atmospheric  structures  should  be 
possible  with  some  further  development. 

In  another  paper  written  at  about  the  same  time 
the  present  one  was  written.  Fierce  and  Xaglieri 
(see  capsule  summary  p-154)  presented  a  similar 
review  of  the  theories  concerning  atmospheric 
effects  on  sonic  booms.  The  basic  difference 
between  the  two  papers  is  that  in  diacusslng  the 
large  rise  tines  of  sonic  boom  pressure  signa¬ 
ture®,  Fierce  favors  his  wavefront-folding 
mechanism,  while  George  favors  his  balancing  of 
acoustic  scattering  of  nigh  frequencies  and  non¬ 
linear  effects  (see  capsule  3 unary  f-1245  . 
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THE  ACCURACY  OF  THE  LAJOW-WITHAH  SHOO:  STRENGTH 
RULB  III  SOKE  HEAR  FIELD  SITUATIONS 
A.  R.  George  and  w.  r..  Van  Noortvem 
XASA  SF-255,  Third  Conference  on  Sonic  Boon 
Research,  1971,  pp.  173-JR4 


Several  irgsortaat  effect*  m  th«  near  field 
for  sonic  bows  |»r»l«*r  are  discussed  is  this 
caper,  These  effects  *r,vs lve  the  interaction  of 
a  plane  shoe*  with  iwo-dineASional  wea*  waves 
c-f  the  progressing  type.  The  straightforward 
apjslloatior,  of  the  aae-disensionai  Landau- 
S*  ithaa  theory  for  detervj,rsif.g  shoe*  stretch 
would  just  adi  the  pressure  change  of  the 
perturbation  to  the  pressure  juep  across  the 
shock.  It  is  shown  that  ir.  tSiese  two-dt**asion*l 
cases,  significant  errors  result  when  'waves  are 
incident  on  the  shock  rather  obliquely. 

Tha  singularity  occurring  at  the  intersection  of 
a  conical  flow  field  aril  a  shoe*  is  shown  to  be 
cancelled  by  reflected  waves  free  the  shock  for 
finite  Mach  r.usfcer  shocks.  However,  the  higher 
-order  terns  necessary  to  determine  the  behavior 
at  this  point  were  not  found  by  the  technique  used 


Tne  propagation  of  w-”*ss  through  a  nonunifom 
region  before  reaching  a  shock  is  shown  to  affect 
the  strength  of  the  waves  and,  therefor* ,  the 
etrength  of  the  shock  after  its:  intersection 
with  the  wave.  Region*  of  twi-4|aer.*ionai  flow 
bounded  by  a  shock  and  three-dii*o«sio.i»i  waves 
are  shown  to  be  eliminated  «s  the  three-diovscional 
waves  propagate  across  the  region. 

It  is  pointed  out  that  all  of  these  effects  can  be 
expected  to  orod-ce  significant  variations  in  near- 
field  shock  strengths. 

f-i*a 

THfoPcTT : CAL.  ppiiBUTHS  RELATES  TO  SttUC  SOM 
B.  0.  Hayes,  J.  H.  Hardser,  0.  A.  Caugfccy,  a  si 
f.  IS.  Heisxopf,  dr. 

XASA  *?-2oS,  Third  Conference  an  Sonic  Sacs 
arci; ,  1771*  op.  27-31. 

This  paper  is  a  brief  report  of  research  that 
was  ir.  p’-ogrrit  at  Princeton  university  on 
crcsj I*--.,  of  wave  propagation  and  sonic  been  at 
sne  tine  this  conference  was  held.  The  following 
four  tftfics  are  discussed.' 

J ij  coapucatj on  at  transonic  fiovi  w, th 
shock  waves; 
i2)  si-.ou’ar  ray*; 
ill  oatgiets  iod?  and 

(v!  general  wav®  weary. 


the  first  case  it  is  concluded  that  the  shock 
wave  present  absorbs  the  singular  ray  in  such  a 
way  that  the  lateral  gradients  in  tile  remaining 
wave  fly* tejs  are  negligible.  In  the  conical  case- 
it  is  concluded  that  the  probias  can  probably 
nr-ly  be  solved  msericeily. 

The  discussion  of  bangles*  hood  opeiiwrt*  deals 
with  sonic  t-oca  nisiasnation  and  is  discussed  i 
another  capsule  smjev  (see  capsule  susaary 
K-4Si.  The  discussion  of  work  pree*ftij.rtg  la  th 
area  of  general  wave  theory  is  very  brief,  as  n 
results  had  yet  beer,  obtained. 


vASUAaiLTTY  Cf  SONIC  SCUM  SlGKATUBES  WITH  BITH 
Cti  tm  STTREHITIES  OF  \iL  GRXTS)  SXPOSifBr- 

rA7  r‘.r'.t,‘7 

Harvey  k,  Hubbard,  Desiauc  J",  Maglieri,  a»i 
Vera  Buskei 

XASA  Sf-255  Third  Conference  on  Scon-  £oc» 
Swear®,  1771,  pc.  J51-3SS. 

An  investigation  into  the  characteristics 
Of  sonic  boon;  pressure  signatures  near  the 
region  of  lateral  cutoff  is  presented  in.  th 
paper.  Pertinent  ptdjilshsd  se^uresoent  rest 
*re  reviewed,  and  the  results  of  an  ejcperjasnt 
performed  to  tetter  define  the  physical 
phenonena  involved  are  described,  in  eu»* 


experiment  ah  E-ifJ4  sisda  six  flights  at 
X  «  I.S  at  an  altitude  of  27,2jo  f«t,  and 
swr«i  other  flights  at  S  ‘  i.l  k  jj 
altitude  of  33,7ft;  feet,  for  the  first  *es  of 
flight*,  data  wets  octal nod  at  various  lateral 
distances  out  to  a  -distance  of  apprexma rely 
twice  the  predicted  cutoff  stance  with 
microphones  spaced  about  •;«.•  rule  apart.  The 
purpose  of  the  second  set  of  flights  was  to 
evaluate  overpressure  patterns  in  the  region 
at  the  caustic  forced  at  she  lateral  r-.-off 
location.  ’toaSureaeftCS  wet*  llif  wit.'.  Cr.v 
use  of  steel  si  snitrotftone  arrays,  the  »*sc  ,r:r. 
stations  being  about  2C0  feat  apart,  1?.** 
strap  j*  shewn  it  the  figure  t*ie«,  wnl.-n 
i a  tase:.  iron  wi»  paper.  The  figure  snow* 
a  J290  ft  no: sconce!  and  a  lav.  :■  vortical 
array.  The  fiigijts  were  aiii  so  that  the  e-Jge 
of  the  exposure  patearn  was  placed  m  or  ssjr 


passage  os  a 


ov  thrown  a  caustic 


r.at  are  assent 
ones  of  transo 


The  following  conclusions  were  arrived  at  as 
a  result  of  the  review  of  previous  measurements 
and  as  a  result  of  the  experiments  described 
above: 

(1)  The  overpressures  generally  decrease  and 
rise  times  generally  increase  as  lateral 
distance  from  the  ground  track  increases. 

S2)  Overpressure  variability  is  greater  at 
locations  10  to  13  miles  laterally  from 
the  ground  track  than  for  locations  on 
the  track  for  a  range  of  Mach  numbers 
and  altitudes. 

(3;  Tiie  maximum  measured  overpressure  values 
at  10  to  13  miles  off  the  track  for  a 
range  of  altitudes  and  Mach  numbers  are 
of  the  same  order  of  magnitude  as  those 
measured  on  the  track. 

(4)  Near  lateral  cutoff  there  is  a  general 
decrease  In  overpressure  as  distance 
increases  rather  than  a  sharp  drop.  There 
is  also  a  corresponding  trend  from 
N-shape  signatures,  which  are  observed  as 
booms,  to  signatures  with  no  definite 
shape  characteristics,  which  are  observed 
as  acoustic  rumbles. 

(5)  Although  signatures  representative  of 
caustic  conditions  were  observed  near  the 
edge  of  the  pattern,  there  was  no  evidence 
of  substantial  overpressure  enhancement. 

This  is  an  excellent  summary  of  the  state  of 
knowledge  concerning  sonic  boom  characteristics 
ir.  the  region  of  'lateral  cutoff. 
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UNIFORM  WAVEFRONT  EXPANSIONS  FOR  DIFFRACTED  AND 
FOCUSING  WAVES 
M.  K.  Myers 

NASA  SP-2SS,  Third  Conference  on  Sonic  Boom 
Research,  Oct.  29-30,  1971,  pp.  75-86 

The  purpose  of  the  research  discussed  in  this 
paper  is  to  develop  theoretical  descriptions  of 
the  propagation  of  shock  waves  in  problems  in¬ 
volving  diffracted  wave  systems  and  problems 
involving  focusing  of  waves.  In  each  case  the 
dominant  feature  is  the  existence  of  a  singu¬ 
larity  ir.  the  surface  forming  the  wavefront  of 
the  disturbance  field  calculated  from  a 
linearized  theory.  For  problems  involving  dif¬ 
fraction,  the  wave  surface  is  formed  by  two  or 
more  segments  tangent  to  one  another  along 
curves  analogous  to  shadow  boundaries  in  optical 
diffraction  problems.  In  the  focusing  case,  the 
wavefront  is  cusped,  and  the  surface  traced  by 
the  cusp  on  the  wavefront  is  a  caustic  of  the 
associated  system  of  rays. 

The  fundamental  objective  of  determination  of 
shock  waves  in  these  problems  is  approached  in 
two  separate  stages.  The  first  stage,  which 
underlies  the  entire  study,  consists  of  deter¬ 
mining  satisfactory  approximations  to  the 
linearized  solution  of  problems  of  Interest, 
especially  in  the  vicinity  of  the  linear  wave- 
fronts.  The  linear  solutions  are  easily  written 
in  exact  form  as  integral  expressions,  but  these 
are  generally  too  complex  to  be  useful  in 
practice.  The  approach  of  the  present  paper  is 


to  seek  asymptotic  appresiauitioa*  ea  Ow  linear 
solution  valid  near  the  wavefront  appropriate 
to  the  problem  being  studied.  The  approximation 
sought  is  one  free  of  anomalous  singularitie* 
that  arise  as  a  result  of  the  process  of  approx¬ 
imation  and  that  generally  exist  neither  in  the 
full  linear  solution  nor  in  the  exact  solution 
to  the  problem. 

The  second  stage  of  the  study  is  to  develop 
methods,  analogous  to  that  of  Whitham  (see  cap¬ 
sule  summary  G-3S ,  that  correct  the  linearized 
solution  by  means  of  a  straining  of  coordinates 
to  yield  a  first  approximation  to  the  exact 
solution  of  the  problem.  This  paper  treats  only 
the  first,  or  linear,  stage  of  the  work. 

Asymptotic  expressions  for  the  linearized 
velocity  potential  are  derived  for:  (1)  single 
waves  systems,  such  as  plane  flow  past  a  sym¬ 
metrical  airfoil,  flow  past  a  body  of  revolu¬ 
tion,  and  steady  flow  past  a  symmetric  nonlift¬ 
ing  wing  with  a  smooth  leading  edge:  (2)  dif¬ 
fracted  wave  systems,  such  as  the  steady  flow 
past  a  nonlifting  wing  with  a  supersonic  leading 
edge  having  discontinuities  in  spanwise  slope 
and  steady  flow  past  a  re  .tangular  wing  of  con¬ 
stant  cross  section:  aru  (3)  a  focusing  wave 
systfc..  resulting  fror  a  steady  flow  past,  a  non¬ 
lifting  wing  of  constant  cross  section  with  a 
leading  edge  conc.ve  to  the  stream  direction. 

Before  the  valid:  ry  of  the  expressions  derived 
here  can  be  established  experimentally,  the 
second  stage  of  the  development  of  the  theory 
must  be  completed,  i.e.  the  linearized  solution 
must  be  corrected  by  means  of  a  straining  of 
coordinates  to  yield  a  first  approximation  to 
the  exact  solution  to  the  problem. 
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SOME  ATTEMPTS  TO  THEORIZE  ABOUT  THE  ANOMALOUS  RISE 

TIMES  OF  SONIC  BOOMS 

Allan  D.  Pierce 

NASA  SP-255,  Third  Conference  on  Sonic  Boom 

Research,  1971,  pp.  147-160 

This  paper  is  a  condensation  of  a  portion  of  an 
earlier  paper  by  Pierce  and  Maglieri  (see  cap¬ 
sule  summary  P-154) .  The  theories  of  Crow  (see 
capsule  sumnary  P-79) ,  George  and  Plotkin  (see 
capsule  summary  P-124) ,  and  Pierce  (see  capsule 
summary  P-123)  are  summarized  and  compared.  The 
reader  is  referred  to  capsule  summary  P-154  for 
further  details  of  this  work. 
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PERTURBATIONS  BEHIND  THICKENED  SHOCK  WAVES 

Kenneth  J.  Plotkin 

NASA  SP-255,  Third  Conference  on  Sonic  Boom 

Research,  1971,  pp.  59-66 

y  e  theories  developed  by  Crow  (see  capsule  sum¬ 
mary  P-79!  and  George  and  Plotkin  (see  capsule 
sirmmary  P-124),  which  deal  with  first  order 
acoustic  scattering  of  shock  waves  and  weak 
shock  wave  structure  in  a-  turbulent  medium, 
respectively,  are  used  in  this  paper  to  calcu¬ 
late  the  perturbations  behind  a  steady  thickened 
shock.  The  calculation  is  based  upon  the  decay 
of  first  order  scattered  wave9  through  further 
scattering.  A  number  of  approximations  were  em¬ 
ployed,  the  most  serious  being  that  the  question 
of  distinctness  of  the  multiply  scattered  waves 


11» 


was  not  considered.  It  was  felt,  however,  that 
tiie  present  calculation  provided  a  reasonably 
good  estimate  of  the  physical  situation. 


It  is  shown  that  the  perturbations  depend  on  the 

factor  c  L  ,  whij.2  the  shock  thickness  depends 
°  2  2 

upon  the  factor  €  where  c  »  the  turbulent 

intensity  and  L  is  the  turbui  t  macroscale 

o 

length.  Shock  thickness  and  the  perturbations 
thus  depend  upon  the  turbulent  parameters  in 
different  ways.  Hie  moderate  variations  with  • 
turbulent  intensity  of  the  maximum  perturbations 
behind  the  shock  found  here  are  stated  to  be  con¬ 
sistent  with  much  previous  experimental  data. 

Since  £ne  shock  thickness  depends  upon  the  fac¬ 
tor  e  i.Q,  it  is  pointed  out  that  measurement  of 

shock  thickness  should  provide  a  good  indica¬ 
tion  of  the  intensity  of  the  turbulence  if  Lq 

is  known.  It  is  also  pointed  out  that,  since  the 
envelopes  of  perturbations  were  shown  to 
depend  upon  e  1  ,  they  reflect  mainly  the 

scale  of  the  turbulence.  It  is  concluded  that 
with  further  refinements  of  this  theory,  it  is 
possible  that  ths  measurement  of  perturbations 
and  shock  tr.icknessos  may  be  a  useful  diagnostic 
cecnnique  ir>  the  determination  of  the  form  of 
atmospheric  turbulence. 

Hiia  .s  an  excellent  paper  which  not  only  gives 
clear,  concise  summaries  of  the  theories  of 
Crew,  and  George  and  Plotkir.,  but  also  illus¬ 
trates  the  application  of  these  theories  to  a 
specific  prcolen. 


NONLINEAR  ACOUSTIC  BEHAVIOR  AT  A  CAUSTIC 
R.  Seebass 

NASA  SP-255,  Third  Conference  on  sonic  Boom 
:esearon,  1971,  pp.  87-J20 

The  purpose  of  this  paper  is  to  modify  basic 
sonic  boom  theory  to  include  nonlinear  effects 
not  properly  accounted  for  in  the  neighbor¬ 
hood  of  a  caustic.  The  basic  theory  accounts 
for  nonlinear  effects  on  the  propagation  of  the 
pressure  signal  down  a  ray  tube  {see  capsule 
HU-rnary  P-98) ,  but  the  concept  of  rav  tubes  is 
a  linear  one.  In  regions  where  the  differential 
ray  tube  area  becomes  small,  the  pressure 
becomes  correspondingly  large  and  the  concept 
of  a  ray  tube  fails.  The  envelope  of  the  rays 
is  a  caustic  surface*  this  surface  ir  the  locus 
of 'cusps  in  the  acoustic  wavefronts. 

Tile  mathematical  formulation  of  the  behavior  of 
tne  pressure  signature  near  a  caustic  was  given 
by  Hayes  (see  capsule  summary  P-91) .  The  present 
paper  is  concerned  with  the  detailed  structure 
of  the  wavefront  as  it  reflects  at  a  caustic 
surface,  where  nonlinearity  is  an  essential  part 
of  the  problem. 

An  ae-roJynamc  problem  equivalent  to  the  behavior 
at  a  caustic  is  introduced.  The  problem  con¬ 
sidered  is  a  steady  flow  of  uniform  speed  U  and 
varying  free  stream  sound  speed  a  (y)  past  a 
slender  airfoil.  A  coordinate  system  (x,y)  is 
introduced  such  that  x  is  in  the  direction  of 

flov  and  :t  is  required  that  a  (9)  -  U.  The 

o 


initial  flow  is  taken  to  be  at  constant  pressure 
with  a  nonuniform  entropy  distribution.  A  simple 
transformation  is  applied  to  the  noniinesr 
potential  equation  which  governs  this  problem 
resulting  in  a  description  of  the  nonlinear 
acoustic  behavior  at  a  caustic  in  termt  of  a 
linear  equation.  Using  this  result  an  analytical 
solution  is  written,  in  implicit  form,  for  a 
special  incoming  signal  with  finite  rise  time. 
This  solution  is  then  studied  by  numerical 
evaluation  and  graphical  presentation  with  a 
digital  computer. 
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FINITE  DIFFERENCE  CALCULATION  OF  THE  BEHAVIOR  OF  A 
DISCONTINUOUS  SIGNAL  NEAR  A  CAUSTIC 
R.  Seebass,  E.  M.  Murman,  and  J.  A.  Krupp 
NASA  SP-2SS,  Third  Conference  on  Sonic  boom 
Research,  1971,  pp.  361-371. 

This  paper  presents  a  numerical  technique  for 
predicting  sonic  boom  pressure  signatures  in  the 
vicinity  of  a  caustic.  The  essential  problem 
lies  in  the  solution  of  the  following  nonlinear 
equation: 

4  “ 0 

Hie  solution  to  this  equation  in  a  domain  D, 
consisting  of  two  characteristics  ares 

{41  «  S2/3|J'^^  for  t)>0.  and  the  lines 

|  (|  =1  and  n  **  -(3/2)"' 3  for  r)<c  {see 
figure  below,  which  was  taker,  from  tnis 
paper)  is  obtained  ey  solving  a  boundary  value 
problem  with  boundary  data  determined  by  tha 
solution  to  the  linear  Tricorai  equation. 
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in  a.  A  numerical  solution  is  effected  by 
dividing  the  t  axis  of  0  into  2N  equal  intervale 
of  length  A  and  the  ti  axi#  ir.to  the  interval* 
determined  by  the  family  cf  linear  character¬ 
istics  emanating  from  the  mean  points  f.  *  lA 
i  «=  0,  tl,  ...,  IS,  The  difference  »qi»5tior. 
tha  nonlinear  equation  abc  c  ia  tner.  obtained 
bdiny  >  first-order  ImplU-.t  scheaa  t.  ire 
<■  \jt)'  .on  :s  hyperbolic  ..-i  .  iu_r. i—jrier  *<- 
scr.ev  vhen  it  is  e;  urs<-  vveti.  -  % 

examples  ike  then  q  >.  v< 


OirtW/n  :*/  i  Juium  jnd  Mnh  Sfmrtui 


uMgttAAmaiJiiiiiieuMa 


'■  *" 1  '•*  CV  the  til*  difference 

•  Tt‘  :  hart  needs  farther  refinement 

‘  .11  give  satisfactory  results. 


•-  - "-  '  6>.W*  RESLAiCd  Ili  UEJStASI 

.hirf  Conference  on  Sonic  Boas  Peer >1 — h . 

?  i  .  fa  ^-4  f  t> 


— r-  2-’  ; s  paper  describes  e  closed  form 

>■■■'■  the  sor.ic  boos  in  *  polytropic  atmos- 
'  •  -  i*-  *-olut  im  was  also  presented  in  a  later 
*-**-*  capsule  -.  .rarnary  P-1  S3! .  The  reader  Is 

'rel  )  the  capsule  saaaary  of  that  paper  for 


'*  A  WJSD-rjSJTL  S1SIC-B3CM  »I3E»mt£S 

::  :  i  a  -.<>?rr!-;w  r-rejcnaa 

»rifr  T!*~. 

»  ThirJ  "cafe  re.~.  :«*  0*1  iotu _  hcoa>  Research , 


»."*■?  describes  a  method  of  «>rt rej-ciat i.-i, 
c-.--.-l  pressure  signature*  without  the  ate 
n  '  isct .  on.  The  m-thod  used  Is  the  -  — — 

»*  Jeicrited  in  apsjle  somaary  P-l T* .  Tfee 

’  «ler  reOrr-'.l  to  that  cape-ale  s-jnary  foe 
d-  :  i  v  .  , . 


;4i 

■  •  i  W  .  'TRATT :  1A  .?  A  PJlil  IV  A  THWX- 
2  -i  J  >  *?*.-•  rue-* 

«  '  r ,  hurl  T&sfere*#-*  cm  Sojuc  soosr  heaeeech, 

i.  .  i .  s  :-ihj 


•'-■-.sea!  iul.iti.fi  for  the  diffraction  of  a  plane 
i  -»t*  •  false  ty  »  three-diner,*  • anal  corner  of  a 
aa-.-  i  s  .  it  lined  tn  this  paper.  The  solution  ia 
•  -.-1  irv  separation  of  variables.  The  detailed 

‘  *•'.-•  ■  -  the  es  gen  values,  and  eigenfur.  time*  are 
'  * ' - ■  ■-•  !  1  the  paper  svaoterlxed  in  cu&-eal*  lat- 


.1  .  licit!  r.s  .f  mean  value  theorems  derived  tn 
*-  i*  i  »;er  »r»  presented  in  the  present  paper. 

'-it-  theoresss  were  derived  for  aolotlaca  of 
~-*'v  e.pait-ons  so  that  the  resultant  raise  at 
'.rr.oi  of  >  cons  ;ould  be  related  to  the 
incident  wave  or  the  value  at  the  vert**  of  a 
different  cone.  These  theorems  are  shown  to  be 
useful  in  extending  the  knowledge  of  the  eaeica, 
illations  to  the  adjacent  corners  or  edges. 

cjtit  cf  a  plane  wave  incident  on  a  threw - 
dirv-.s-.  r.j!  comer  is  also  discussed. 

The  reuJSt  r  u  referred  to  capsule  s  jmary  P-12S 
f-r  further  details  cf  this  wort. 
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An  investigation  into  the  effect  of  atmospheric 
tnhorKxjeneities  on  the  sonic  booa  ,M  other  weak 
wa-.-es  is  presented  in  this  thesis.  First,  the 
propa-iation  of  sonic  boom  through  a  quiescent, 
smoothly  varying  atmosphere  is  examined.  Geometric 
acoustics  (see  capsule  suramary  P-8)  iw  used  to 
extend  the  linearized  flow  (acoustic)  solution 


from  near  the  aircraft  to  distances  far  enough 
away  so  that  atmospheric  variations  oust  te  taken 
; r.to  account.  The  equations  of  geometric  acoustics 
are  derived,  and  ray  paths  are  calculated  for  a 
horizontally  stratified  atmosphere.  This  acousti 
solution  is  then  corrected  by  the  inclusion  of 
lowest  order  nonlinear  wave  steepening,  which 
gives  the  classical  N-wawe  signature  in  the  far 
field.  A  simplified  aetnod  for  calculating  signa¬ 
tures  at  the  g-ound  directly  under  the  flight 
track ,  without  the  need  for  a  compute-  for  each 
-sst,  is  presented. 

The  i:sutatioas  involved  in  neglecting  the  effects 
of  atstm.-heric  turbulence  ere  discussed  in  torw 
detail.  It  .s  shown  that  geometric  acoustics  can¬ 
not  account  for  th*  fact  that  sonic  boot  shock  waves 
are  on  the  ordfcr  of  U1  tines  as  thick  as  predicted, 
or  for  the  randan  perturbation,  -which  appear 
behind  the  shocks. 

The  thickening  and  pertabatioos  are  due  to  the 
interaction  of  shock  waves  with  turbulence,  so 
the  case  of  a  plane  shock  passing  threap  turbu¬ 
lence  is  examined  using  scattering  theory.  This 
theory  is  an  expansion  scheme  in  which  the 
strength  of  the  turbulence,  is  the  expansion  param¬ 
eter.  The  physical  picture  d*velcj«l  is  that  high 
frequency  component*  of  fhe  shock  wave  are  scattered 
out  of  the  shock's  proper** i or  direction,  causing 
the  shock  to  thicken.  These  components  fall  behind 
and  appear  as  the  pert  itbatj  joi  following  the  shock. 

Tie  waves  scattered  >ut  of  th»  shack  ere  first 
order  ins.  They  carry  enerry  cf  order  so  that 
the  chanre  to  the  shock  is  s  dissipation  of  order 
•J.  This  is  therefore  a  second  order  scattering 
effect,  and  second  order  scattering  must  be 
investigated  to  see  if  this  dissipation  ;«  the 
only  effect  of  order  .  Jt  is  found  that  for 
shock  thickness  Mail  cospared  to  the  turbulent 
nacroscaie  length  -other  effe-ts  are  snail,  *t» 
that  the  order  e2  change  to  the  shock  shaj-e  ran 
be  found  cy  account i ng  for  the  energy  in  the  f'*-»t 
scattered  waves. 

pertubatioas  behind  the  shock  are  mvssti- 
gated,  based  on  a  first  irler  scattering  analysis 
*  1  '-ran  (*•*  capsule  sunnary  F-79) .  It  is  found 
that  first  scattering  is  inadequate  to  describe 
the  pertubation*  behind  a  steady  shock  in 
tswotsaded  turbulscoe.  Crow’s  analysis  is  modified 
ho  »11»  for  the  decay  of  first  scattered  waves 
lay  sultlple  scattering.  An  approximate  method 
is  used  to  estimate  this  decay  in  order  to  sinplify 
the  calculations.  Root  wean  eqa era  perturbations 
behind  the  shock,  art  calculated  and  are  found 
to  be  in  good  agreement  with  the  observed  order 
of  measured  (•rturbations. 

The  theory  developed  *n  this  thesis  is  also 
described  ;  i  a  paper  fcj  Cearge  and  Plotkin  {see 
capsala  aesaary  P-124). 

t-151 

arrkAPoiAT:  •»  tf  soric  boom  pressure  sxssatore.)  by 

TSC  iAVETCSJ?  r  ARAkETER  RETHOD 

T.  L.  Thceus 

5ASA  Tech.  Scte,  SA3A  TO  D-66J2,  J*>e,  1972 

A  method  cf  extrapolating  sonic  boom  pressure 
signatures  based  igxjn  the  use  of  three  param¬ 
eters  to  describe  the  waveform  is  presented  in 
this  paper.  In  the  approach  used  here,  the  wave- 

Adoo  8|qe|iBAV  iseg 
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I'-sce!  is  tnat  Pierce  favors  his  wavefront- 
folding  v»)  hanir-s  for  visplainit-j  the  large  rise 
tir«i  of  sonic  fcncm  pro SvJiirr-  signature-,  wi*i"  : 
'“lyfjv  favors  his  balancing  at  ac:>usil;,  rw,-  .terifig 
of  hior,  froqo«ii-,-ii5-  and  nonlinear  af**c;a  isan 
'•ni'sui.j  f  <rc*ury  J-124) , 

''■i  is 

V;itCKETl«-A£.  ft*??  'TlFERl memta:,  STUDIES  Gr  53  <E  fOCl'3 
-t  *.  JCIS 

1  .ii.^oe  l.  Wanner,  Jacques  Valles,-  rj-udc  Vivier, 
’..vde  Tliery 


This  ’-f  *  *nr  ? free/. >  ■  .per  in  that  the  over- 
prissur*-  •'iajvis.s  c-cnot  yet  be  accurately 

predicted  due  to  t.vnlinaiy  effects.  Hie  Brsasured 
data  obtained  it-  thl=  ir’^stigation  concerning  the 
wsrws' >t33  At  foo'is  -:r  super focus  were  a  sig¬ 

nificant  contribution  to  sonic  booh  know  J  “due. 
r-l&f. 

P30fak«'io»  w  s  r*2ip  s;t5CK  wave  through  *  rJJSviHJT 
worjx 

S.  3!.  riiimwiy,  t.  5.  Taylor 

ilaval  Ordnance  t-ahoratory,  WL  TP  72-1 3;i,  Way  31,  1972 
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e  dourml  of  the  Acoustical  Society  of  America, 

1.  S3,  No.  1  fPsrt  i},  .197}.  pp.  13-32 

in  this  pnpt-  the  results  of  a  theoretical  and 
;tc«ri  mental  study  concerning  the  focus  of  sonic 
bcons  .tie  t-r- tented.  Thi.  theorsticr.l  studies  wars 
iia  lc  by  •"’NCSA  and  »y  Institut  Franco  Aiitraiul  dc 
!’•  .  bonis  (France,  and  the  experimental  in“asti- 
<MUaiii  r-y  the  Flight  Teat  Center  of  Istres  and  by 
t.».v  dyrvicc  Technique  Aeronautlqua . 

The  tnvcretical  sfudiea  helped  identify  the  dif- 
'erertf  cases  of  fccur  (linear  acceleration,  tv,rn. 
I'U.'jho'.'ei-i  and  suuerfocua  (entry  to  torn).  They' 
also  s hound  tnat  it  was  possible  to  guide  an  ,vr- 
liar.e  j**  order  produce  focus  inti  in  a  measure- 
rant  zone  of  realistic  situ  After  measurement  of 
tho  actual  characteristics  of  tnc  aUncspbere. 

: r.  che  experimental  lnvt.tigat  on,  flights  of 
Mirage  III  And  Mirage  IV  supersonic  aircraft  were 
rude  as  part  of  the  following  four  exorcises  •• 

(i)  Jericho* Instrumentation — test  and  choice  of  the 
different  typos  oi  sensors,-  (2)  Jericho- totalization 
focus  due  to  aerial  oration  At  low  altitude  (2000 
feet);  (3)  Jrricno-Virage — foc-.s  due  to  turn  and 
acceleration  at  high  altitude  (3c, 000  feet);  and 
(45  Jericho-Cartor. — effect*  of  variations  of 
acceleration  and  lateral  spreau  on  the  focus 
factor  and  investigations  of  the  "super-focus." 

An  array  of  ground  microphones  was  used  to 
deter.r.i:"*  the  pressure  pattern?  resulting  from 
the  various  aircraft  maneuvers. 

The  following  are  the  most  significant  conclusions 
reached  as  a  resuit  of  these  tests: 


The  propagation  of  *  weak  nearly  planar  shook  wav* 
through  a  slightly  inhomogeneous  medium  is  studied 
in  this  payi '  .  The  method  used  by  Whiffcwn  in  an 
narlier  pan*»  {pje  capsule  suysvsxy  ?-14>  is  used 
)ier*  also,  This  method  vs?s  the  characteristic 
tUfferc''*  ial  Aquation  for  infinitesimal  woes 
tog«'iiu->-  v,?h  the  shock  relati’ns  ir.  order  tt-  ob¬ 
tain  e  -j-'feoic? te  system  for  tb*.  dependent 

variable? .  Th«-  s-avnee  of  t*-e  system  is  tn,t>  ti;c 
vo ak  wci-.v:  system  th.i:  is  reflected  L„ok  frfm  She* 
shock  i?  ignored. 

Whnhaia's  method  is  generalized  to  include  up¬ 
stream  disturbances  of  density  and  velocity.  These 
disturbances  ore  small  enough  so  that  a  plane  wave 
will  remain  nearly  plane.  The  equations  for  a 
finite  strength  shock  wave  are  used  os  a  starting 
point  so  that  tile  cumulative  effect  of  second 
order  terms  will  not  be  lost. 

The  following  method  is  used:  First,  the  charac¬ 
teristic  equctlon  for  wave  propagation  and  the 
shock  relations  ara  expressed  in  a  moving  coordi¬ 
nate  system  that  appears  to  reduce  the  velocity 
in  front  of  the  shock  to  zero  so  that  the  equa¬ 
tions  used  by  Whitham  apply.  A  wave  front  function 
Ct,  is  introduced  by  which  shock  velocity  and 
position  are  defined.  An  identity  connecting  the 
wave  function. a  ,  and  the  ray  tube  area  allows  the 
characteristic  equation  to  be  put  in  terms  of  a, 
as  well  as  variations  in  pressure  in  front  of  the 
oheok  and  sound  speed  that  are  interpreted  as 
forcing  functions.  Finally,  the  equation  is  trans¬ 
formed  back  to  fixed  coordinates  to  put  it  in  a 
useful  form.  This  tranc formation  makes  the  turbu¬ 
lent  velocity  appear  as  another  forcing  function. 
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1.  The  boom  iniensity  is  multiplied  by  5  in  the 
case  of  a  ftcus  a.-d  by  at  least  9  for  a  super¬ 
focus  . 

2.  The  superfocus  occurs  over  an  area  of  approxi¬ 
mately  300-ft  radius,  and  the  region  of  focus 
is  a  "line"  300  feet  wide.  These  zones  are 
located  at  a  lateral  distance  of  about  ten 
miles  from  the  flight  path.  These  locations 
can  be  modified  substantially  by  atmospheric 
effects. 

In  another  investigation  (see  capsula  summary  P-162) 
Haglund  and  Kane  obtained  results  that  confirm  and 
complement  those  of  tha  present  investigation.  That 
investigation  de-it  with  the  caustics  produced  by 
steady  flight  .  r  the  threshold  Mach  number,  -austics 
produced  by  lo:  itudinal  accelerations,  sonic  boc.a 
characteristics  near  lateral  cutoff,  and  the  verti¬ 
cal  extent  of  shock  waves  attached  to  near  sonic 
(M-1.0)  airplanes.  Haglund  and  Kane  found  that 
pressures  at  caustics  produced  by  longitudinal  ac¬ 
celerations  beginning  from  Mach  0.95  ranged  from  2 
tc  S  times  those  which  would  be  observed  during 
steady,  level  flight  at  about  Mach  1.2.  This  com¬ 
pares  with  the  corresponding  factor  of  5  found  in 
the  present  investigation. 


The  results  show  that,  in  the  limit  of  infinites¬ 
imally  weak  waves  and  weak  upstream  turbulence, 
the  ray  optic  solutions  are  recovered,  as  expected. 
The  higher  approximations  that  result  from  the 
present  method  give  the  modifications  to  the  cay 
optic  solutions.  Each  successively  higher  approxi¬ 
mation  involves  a  solution  to  linear  equations 
which  have  the  previous  approximations  as  forcing 
functions.  For  cases  in  which  the  upstream  turbu¬ 
lence  is  given  in  terms  of  its  statistical  char¬ 
acteristics,  the  results  show  that  it  is  possible 
to  find  the  corresponding  statistical  description 
of  the  shock  wave  motion. 

The  most  well  known  theories  concerning  the  effects 
cf  atmospheric  turbulence  on  the  propagation  of 
weak  shock  waves  are  those  of  Crow  (see  capsule 
summary  P-79)  and  Pierce  (see  capsule  summary  P-80) 
Their  basic  approach  is  to  consider  an  infinites¬ 
imal  plane  wave  and  study  the  sound  field  that 
is  generated  as  it  passes  through  an  inhomogeneous 
atmosphere.  In  the  present  analysis,  the  shock 
wave  character  of  the  waves  is  emphasized  so  that 
the  tendency  to  flatten  out  Is  not  lost  in  the 
analysis. 
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effect  or  ssr  operational  maneuvers  on  same  boom 

U.  T.  Maglund,  E.  3.  Kane 

J.  Aircraft,  Vol.  9,  Mo.  8,  August  19  72,  pp.  S6i-5',<) 

a  comprehensive  study  of  maneuver  effects  on 
the- sonic  boom  of  an  SST-type  airplane  is  pre¬ 
sented  in  this  paper.  Four  types  of  maneuvers  are 
discussed i  pullups,  pushovers,  longitudinal  ac¬ 
celerations  beginning  at  a  speed  above  cutoff 
Mach  number,  and  longitudinal  accelerations 
through  Mach  1.0  to  cruise.  Hie  analysis  is  ba»?d 
upon  the  method  developed  in  an  earlier  pgper 
by  Haglund  and  Kane  (see  capsule  summary  S— IIS) 
for  determining  che  effects  of  mareuverg  on 
sonic  boom  pressure  signatures,  That  method  uses 
maneuver  scaling  factors  to  compute  maneuver 
pressure  signatures  from  known  steady-flight 
signatures.  The  maneuver  scaling  factors  can  be 
used  to  calculate  the  maneuver  pressure  signa¬ 
tures  accuro*"*ly  'or  a  configuration  once  it" 
s’  «ady-i.‘  Ight  sonic  boom  characteristics  ar / 
known.  Th  >•  -  n  al  lo  be  used  to  obtain  reason¬ 
able  accv  "  .e  quick  estimates  of  the  maneuver 
etfev  .  on  maximum  overpressure. 

The  following  conclusions  were  reached  as  a 
result  of  this  study: 

, .  j-eneu’/er  effects  are  net  necessarily 

Significant  for  large  supersonic  airplanes. 
This  -.s  because  of  the  normal  operating 
characterise les  (Mach  number,  attic-ode, 
and  maneuver- i^ad  limits) ,  The  maneuver 
tf facts  are  raocn  cignificant  at  the  Jew 
supersonic  Mach  nuft&o-s,  where  caustics 
can  be  produced  within  ;>.«  permissible 
load  ; ic its.  Thus  it  may  tc  necessary  to 
place  constraints  on  maneuvers  at  low 
supersonic  Mach  numbs i.  to  ensure  -he 
avoidance  of  significant  maneuver  eftg-itc 
and  caustic?. 

2,  The  transition  from  subsonic  to  super¬ 
sonic  flight  where  tils  acceleration  through 
Mach  1  produces  a  caustic  on  the  ground 
will  oe  the  most  important  maneuver  in 
SST-type  operations.  The  intensified 
shock  waves  cover  only  a  very  small  area 
however.  Oeiig  modern  methods  of  flight- 
path  control,  these  can  be  placed  with 
reasonable  accuracy  in  a  specific  loca¬ 
tion. 

.1.  Methods  have  been  devised  for  calcula¬ 
ting  detailed  pressure  signatures  near 
cau sties.  However,  the  signature  «t_  the 
caustic  car.not  bo  calculated  by  present 
linear  theories.  The  location  of  caustics 
on  the  ground  can  be  predicted  with  good 
accuracy. 

4.  Longitudinal  accelerations  lead  to  slightly 
longer  pressure  signatures  with  stronger 
shock  waves. 

i.  The  pressure  signature  increases  in  length 
and  shock  waves  are  weaker  during  puilups 
than  m  steady,  level  fli#it  For  pushover 
maneuvers,  the  opposite  is  true,  in  general. 

0.  Airpia,,o  cliib  angle  has  a  significant 
effect  on  chock  wave  strength  during  pull- 
ups  and  pushovers.  Except  at  the  lew  super¬ 


sonic  Mach  numbers,  these  effects  are  snail 
for  operational  ear.euwrs. 

This  paper  dees  an  excellent  job  of  isolating 
potential  problem  areas  resulting  from  maneuvers 
of  SST-type  aircraft, 
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CLOSED  FORM  SOLUTION  FC?.  THE  SONIC  BOOM  III  A  POLY- 
TROPIC  ATMOSPHERE 
R.  Stuff 

Journal  of  Aircraft,  Vol.  9,  No.  8,  August  1972, 
pp.  556-S62 

In  tins  paper  solutions  are  derived  for  singu¬ 
larities  in  a  polytropic  atmosphere.  The  sonic 
boom  of  a  body  In  supersonic  flight  is  obtained 
analytically  using  the  analytic  method  of  char¬ 
acteristics  (see  capsule  iummry  G-72)  A  para¬ 
bolic  arc  body  is  chosen  as  an  example,  and 
WhiChara's  asymptotic  formula  (see  cnsule  sum¬ 
mary  G-3)  for  the  bow  shock  overpressure  is 
improved  by  an  explicit  formula  giiing  r-f- 
fieiently  accurate  results  for  distances  of 
about  20  body  lengths  or  larger. 

A  rigorous  derivation  is  made  of  the  shock  wave 
p'opagation  below  the  flight  path.  Several  other 
applications  of  the  analytic  first-order  soluc.o.n 
are  also  presented. 
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A  DETERMINISTIC  MODEL  OF  SONIC  BOOM  PROPAGATION 
THROUGH  A  TURBULENT  ATMOSPHERE 
B.  H.  K.  Lee  and  H.  S.  Ribner 

National  Research  Council  of  Canada,  Aeronautical 
Report  LR-566,  November  1972 

In  this  paper  an  idealized  model  of  turbulence 
is  used  to  study  the  propagation  of  a  weak  normal 
shock  wave  through  a  turbulent  atmosphere.  The 
field  of  turbulence  is  assumed  to  be  weak  and  is 
represented  by  the  superposition  of  two  inclined 
shear  waves  of  opposite  inclination  to  the  mean 
flow.  This  results  in  a  flow  having  a  cellular 
nature,  the  cells  being  rectangular  in  shape. 

The  direction  of  flow  rotation  alternates  from 
cell  to  cell. 

It  is  shown  that  if  the  angles  between  the 
normals  of  the  incident  3hear  waves  and  tne  direc¬ 
tion  of  the  mean  flow  are  greater  than  seme  cr:-.- 
cai  value  an  exponentially  decaying  pressure  wave 
is  generated  behind  the  shock.  By  adding  or  sub¬ 
tracting  this  pressure  wave  from  the  steady  stat.- 
pressure  field,  "spiked”  or  "rounded"  waveforms 
are  obtained. 

An  example  calculation  showed  that  for  moderate 
turbulence  wind  velocities  (peak  velocities  or. 
the  order  of  70  m.p.h.)  end  for  weak  shocks 
typical  of  those  in  sonic  booms,  the  equations 
used  in  this  analysis  predict  overpressure 
fluctuations  on  the  order  of  plus  or  minus  50t , 
according  to  whether  the  waves  are  "spiked"  or 
"rounded". 

The  following  weaknesses  of  the  theory  described 
in  this  paper  are  pointed  out  by  the  authors: 

1.  The  heights  of  the  "spikes"  appear  to  be 
predicted  reasonably  well,  but  the  widths 
are  not. 
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The  theoretical  model  is  limited  to  very 
weak  turbulence  velocities  when  the  shocks 
are  very  weak.  This  is  a  result  of  the  basic 
assumption  that  the  flow  be  supersonic  every¬ 
where  upstream  of  tha  shock.  Thus  the  ex¬ 
ample  problem  used  the  equations  well  out¬ 
side  their  range  of  validity.  However,  it 
was  felt  that  the  example  should  be  ade¬ 
quate  to  demonstrate  qualitative  behavior. 

The  simulation  of  the  turbulence  as  a  cellu¬ 
lar  flow  in  long,  narrow  boxes  say  not  be 
adequate . 


Crow  (see  capsule  summary  P-79)  ar.d  Pierce  (see 
capsule  summary  P-90)  also  proposed  theories  to 
explain  the  "spiking"  and  "rounding"  of  N-waves. 
Their  theories  were  based  upon  a  statistical 
description  of  the  turbulence  in  contrast  to  • 
tne  regularized  model  of  turbulence  used  in  the 
present  paper. 
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DISTORTION  OF  SEAR-SONIC  SHOCKS  BY  LAYERS  WITH  WEAK 
THERMAL  FLUCTUATIONS 

S.  Taylor  and  R,  E.  Phlnney 
‘carnal  of  Sound  and  Vibration,  Vol.  25,  Ho.  4, 

1972,  cp.  623-631 

The  derivation  carried  out  in  this  paper  is 
nearly  the  same  as  that  made  in  another  paper 
by  Phlnney  and  Taylor  (see  capsule  summary  P-156) 
except  that  in  the  present  derivation  the  tur¬ 
bulent  velocity  fluctuations  upstream  of  the 
shock  are  ignored.  ibis  eliminates  the  necessity 
of  transforming  to  randomly  moving  coordinates 
which  make  the  velocity  in  front  of  the  shock 
appear  to  be  zero,  and  then  transforming  back  to 
fixed  coordinates  to  establish  the  shock  proper¬ 
ties.  The  reader  is  referred  to  capsule  summary 
P-156  for  a  more  detailed  discussion  of  this 
work. 
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GODUKOV-METHOD  COMPUTATION  OF  THE  FLOW  FIEU3 
ASSOCIATED  WITH  A  SONIC  9O0M  FOCUS 
I-  W.  Parker  ar.d  R.  G.  Zalosh 

AIAA  Paper  No.  73-240,  Presented  at  f IAA  llth  Aero¬ 
space  Sciences  Heating,  Washington,  D.  C., 

January  10-12,  1973 

paper  a  modification  of  a  method  due  to 
Godunov  (see:  5.  K.  Godunov,  A.  B.  Zabrodin,  and 
c.  ?.  Profcopov,  "A  Difference  Scheme  for  a  Two- 
Dimensional  Problem  m  Gas  Dynamics  and  the 
Calculation  of  a  Flew  with  a  Detached  Shock 
Wave",  USSR,  Computational  Mathematics  and 
Mathematical  Physic*  1,  pp.  1187-1219  (1962))  i> 
used  to  compute  the  flow  field  associated  with 
a  sonic  boom  focus.  The  method  uaed  here  em¬ 
ploys  a  shock- following  mesh  where  the  grid 
points  move  with  the  N-vave.  This  scheme  con¬ 
fines  the  grid  points  to  the  continually  chang¬ 
ing  region  of  interest  between  the  front  and 
rear  shocks  and  close  behind  the  rear  shock.  * 
cell  if  associated  with  each  grid  point,  and 
the  conservation  equations  of  fluid  mechanics 
are  applied  to  these  cell*.  By  assuming  the  flow 
variables  to  be  independent  of  position  In  the 
interior  of  the  cell  or  on  any  given  cell-boundary 
surface  area,  difference  equations  are  obtained. 
These  equations  are  used  to  update  the  flow 
variables  in  a  tiem-step  interval  At.  The  time- 


step  interval  is  limited  by  a  stability  criterion 
to  a  time  less  than  that  required  for  an  acoustic 
signal  to  travel  across  any  cell. 

The  solution  of  one-dimensional  Riemann  problems 
forms  the  basis  for  the  Godunov  procedure.  The 
Riemann  problem  describes  the  manner  in  which  a 
discontinuity  between  two  regions  of  constant 
flow  evolves  with  time.  Two  such  regions  may  be 
within  two  adjacent  Interior  cells  or  on  both 
sides  of  a  shock  segment t  thus,  there  at*  four 
Riemann  problem*  associated  with  each  cell.  The 
solution  of  the  P.ieaann  problems  is  described 
within  the  present  paper. 

The  solution  is  used  in  conjunction  with  the  pre¬ 
viously  described  difference  equations  to  obtain 
the  complete  solution  for  the  changing  flow  field 
quantities  in  the  vicinity  of  the  shock  wave. 

In  order  to  illustrate  its  application,  the  method 
is  applied  to  a  few  sample  problems.  These  include 
cold-spot  rc f r a ct i on- f ocu sing  and  a  shod:  front 
with  an  analytically  prescribed  concavity. 

In  the  cold-spot  problems  the  radius  of  the  spot 
was  assumed  to  be  equal  to  150  meters.  The  solu¬ 
tions  obtained  were  for  an  initially  planar  M- 
wave  with  a  wavelength  of  SO  meters  and  a  nominal 
overpressure,  AP0/P0  of  1/1009.  It  is  shown  that 
focusing  does  take  place  and  the  pressure  signa¬ 
ture  of  the  N -wave  is  shown  to  become  sharply 
spiked  in  the  focal  region.  It  is  also  shown  that, 
for  realistic  atmospheric  temperature  inhomogenei¬ 
ties,  the  focus  factors  should  be  less  than  2. 

For  a  shock  front  with  an  analytically  prescribed 
concavity,  it  is  shewn  that  strong  shocks 
straighten  out  without  cusping,  whereas  converg¬ 
ing  concave  weak  shocks  become  cusped  upon  focus¬ 
ing,  as  in  the  cold-spot  problem.  Both  in  this 
case  of  focusing  and  for  the  cold-spot  focusing, 
the  cusp  is  shown  to  decay  asymptotically  down¬ 
stream  of  the  focus. 

The  results  of  this  investigation  concerning  cold- 
spot  focusing  lend  support  to  Pierce**  theory  of 
the  atmospheric  *pike  producing  mechanism  (see 
capsule  summary  P-80) . 

The  cost  important  finding  of  this  investigation 
was  that  of  the  behavior  difference  between  con- 
■.•v*  strong  and  weak  shocks.  Although  the  method 
presented  here  doe*  appear  to  give  reasonably 
valid  solutions  at  a  focus,  it  aay  be  too  cumber¬ 
some  t«  he  of  much  use  in  actual  engineer::  3 
practice. 

The  exas^le  problems  used  here  deal  only  with  the 
focus  resulting  from  a  three-dimensional  con¬ 
cavity  in  a  shock.  These  problems  are  more  of 
academic  rather  than  of  practical  interest. 

P-162 

FLIGHT  TEST  MEASUREMENTS  *r(0  ANALYSIS  OF  SONIC  BOOM 

PHENOMENA  NEAR  THE  SHOCK  WAVE  EXTREMITY 

G.  T.  Haglund,  E.  J.  Kane 

NASA  CR-2167,  Pebruary  1973 

This  report  presents  an  analysis  of  flight  test 
measurements  obtained  in  a  test  program  conducted 
at  Tackass  Flats,  Nevada,  during  the  summer  and 
fall  of  1970.  The  program  consisted  of  i si  sonic- 
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boom-generating  flight*  ov»r  the  1529-ft  #*£H 
tower.  This  te.<t  program  ms  designed  to  provide 
information  on  several  aspects  of  sonic  boon, 
including  caustics  produced  by  steady  flight  near 
the  threshold  Mach  n unbar,  caustics  produced  by 
longitudinal  accelerations,  sonic  boo*  charac¬ 
teristics  near  lateral  cutoff,  and  the  vertical 
extent  <  f  shock  waves  attached  to  near  sonic 
(M<  1.0)  airplanes,  in  this  report  the  Measured 
test  dr.ta  (except  for  the  near-sonic  flight  data) 
were  analysed  in  detail  to  determine  the  accuracy 
and  the  range  of  validity  of  linear  sonic  boo* 
theory , 

The  following  .ire  the  stain  findings  of  this 
investigation: 

1.  Overpressure  increases  measured  at  caustics 
produced  during  threshold  Mach  nunber  fli<£it, 
compared  to  the  overpressure  produced  during 
steady,  level  flight  at  about  Mach  1.2,  were 
relatively  low,  ranging  fro*  about  1.0  to  1.8 
except  in  one  case  where  it  appeared  that 
small-scale  atmospheric  turbulence  produced 
“spikes”  on  a  caustic  signature. 

2.  Caustics  were  also  produced  by  seal),  inadver¬ 
tent  changes  in  the  airplane  speed  during 
several  of  the  “steady, "  level  threshold  Mach 
nusJber  flights.  These  caustics  were  slightly 
stronger  than  those  produced  during  threshold 
Mach  number  flights,  with  a  maximum  amplifi¬ 
cation  factor  of  about  3. 

3.  Measured  overpressures  at  caustics  produced 
by  airplane  accelerations  beginning  from 
Mach  0.95  ranged  fro n  2  to  5  times  those 
which  would  be  observed  during  steady,  level 
flight  at  about  Mach  1.2. 

4.  Pressure  signatures  were  also  observed  near 
lateral  cutoff  wnich  resembled  those  meas¬ 
ured  at  caustics.  These  disturbances  were  of 
very  low  intensity,  however,  less  than  one- 
haif  the  intensity  beneath  the  flight  path. 

5.  The  distinguishing  features  of  pressure  sig¬ 
natures  near  caustics  are  the  ”U"  shape  of 
the  signature,  about  a  40 \  longer  duration 
thin  normal,  and  the  sharp  peaks  at  the  bow 
and  tail  shocks.  Sonic  typical  signatures 
nsai  a  caustic  are  shown  in  the  figure  below. 

5.  Comparison  of  theoretical  calculations  with 
the  observed  data  showed  good  agreement  in 
all  cases  where  it  was  possible  to  sake  such 
calculations,  shock  wave  intensities  agree 
reasonably  well,  as  do  signature  shapes  when 
the  effects  of  small-scale  turbulence  are 
neglected  in  the  observed  data.  Shock  wave 
arrival  times  can  be  predicted  within  1.0 
sec.  Caustic  locations  during  transonic 
acts  1*' ration  and  lateral  cutoff  location!; 
can  be  predicted  to  within  33-29  fest. 

7.  The  linear  theory  is  invalid  within  about 
339-650  feet  vertically  above  caustics  and 
where  the  shock  wave  is  within  •  few  degrees 
of  the  cutoff  condition. 

9.  Analysis  of  the  rumble  data  produced  during 
flight  near  the  thrsshcld  Mach  number  showed 


that  "low  ruables”  occurred  when  the  airplane 
ground  speed  was  at  least  20  ft/sec  lower 
than  th*  *>»l*u*  shock  propagation  speed. 

9.  The  ground  reflaction  coefficient  was  calcu¬ 
lated  for  a  number  of  cases,  and  the  data 
indicate  a  gradual  decrease  fro*  about  2.0 
to  1.0  near  the  cutoff  condition.  This  is  In 
direct  contrast  to  several  theoretical  studies 
which  predict  an  increase  to  3.0  near  cutoff. 

10.  A  characteristic  of  sonic  boo*  disturbances 
near  the  cutoff  condition  is  the  presence  of 
“precursors*  or  pressure  pulses  that  propa¬ 
gate  ahead  of  the  basic  pressure  signature. 
Precursors  were  produced  during  the  threshold 
Mach  nunber  flights  and  the  lateral  cutoff 
flights  when  shock  waves  were  near  the  cutoff 
condition,  and  thus  propagating  at  speeds 

•  close  to  the  local  propagation  speed  parallel 
to  the  ground. 

11.  During  the  threshold  Mash  number  flights  and 
the  lateral  cutoff  flights,  considerable 
information  was  obtained  on  the  acoustic  dis¬ 
turbances  that  occur  past  the  cutoff  condi¬ 
tion.  Generally,  these  disturbances  propagate 
at  the  local  speed  of  sound  rather  than  the 
airplane  ground  speed.  By  detailed  analysis 
of  these  data  it  was  possible  to  isolate  the 
effect  of  the  presence  of  water  vapor  on  the 
propagation  speed.  An  increase  was  noted,  in 
agreement  with  theory,  for  low  supersonic 
flight  and  when  the  increase  in  propagation 
speed  is  3  ft/sec  or  more,  this  effect  should 
be  taken  into  account. 
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In  another  inusutigation,  Mannar  at  al.  (saa  cap¬ 
sule  scenery  P-155)  obtained  result*  for  tha 
overpressures  at  a  focus  or  *'.<perfoc4t  caused 
by  linear  acceleration,  ar, cry  tc  turn,  pushover, 
or  a  turn.  Their  results  for  linear  acceleration 
were  in  essential  agreement  with  those  of  tha 
present  report  for  tha  overpressure  Magnifica¬ 
tion  factor  at  tha  focus  (about  5).  Tha  rest  of 
their  results  complement  those  of  tha  present 
paper. 

Tins  is  a  vary  significant  paper  in  that  tha  • 
overpressures  at  caustics  cannot  yet  be  accu¬ 
rately  predicted  due  to  tha  nonlinear  affects 
that  predominate  there.  This  paper,  along  with 
chat  of  Manner  at  al,,  fores  nearly  the  entire 
basis  for  what  is  definitsly  known  concerning 
the  overpressures  at  caustics. 
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PRELIMINARY  RESULTS  OF  XB-70  SONIC  BOOM  FIELD  TESTS 
DURING  NATIONAL  SONIC  BOOM  EVALUATION  PROGRAM 
U.  J.  Maglieri,  V.  Huckel,  H.  R.  Henderson,  end 
T.  Putnan. 

Sonic  Boon  Experiment*  at  Edwards  Air  Force  Base, 
Interim  Report,  NSBEO-1-67,  Annex  C,  Part  II, 

July  28,  1967 

This  report  document  *  the  measurements  Made  from 
XB-70  sonic  boom  flight  tssts  made  as  part  of  tbs 
Edvards  Air  Force  Base  sonic  boom  experiments. 
Included  are  brief  descriptions  of  the  test  area, 
the  instrumentation  deployment  plan,  the  flight 
track,  and  aircraft  operating  conditions,  as 
well  as  presentation  of  -ample  data  and  prelimi¬ 
nary  conclusions  of  dsta  analysis.  Data  were 
obtained  for  a  aeries  of  20  flights  of  the  XB-70 
airplane  for  the' Mach  number  range  1.38  to  2.94, 
for  the  altitude  range  from  31,000  to  72,000  feet, 
end  for  a  grots  weight  range  of  about  300,000 
to  420,000  lbs.  The  figure  below,  which  was  taken 
from  this  report,  shows  the  values  of  overpressure 
measured  at  various  lateral  distances  from  the 
flight  track. 
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Tha  meaaurad  results  show*',  tha  signature  shape 
variations  and  tha  aasoclatad  variations  in  over¬ 
pressures,  Impulses,  and  tins  durations  to  be 
similar  in  nature  to  those  observed  previously 
for  smaller  airplanes.  Variability  in  the  above 


quantities  was  markedly  greater  in  June  than  in 
the  November- January  time  period  and  waa  thus 
bellsved  to  be  related  to  atmospheric  effects.  For 
casts  vhsre  s  largs  number  of  overpressure  dais 
points  ware  available,  the  average  measured  values 
correlated  well  with  current  theory. 

The  results  found  hers,  which  showed  that  the  over¬ 
pressure  was  relatively  small  in  the  cutoff  regions, 
even  for  flight  altitudes  of  60,000  feet,  do  not 
provide  any  support  for  tha  predictions  made  by 
Luadberg,  at  al. (sae  capsule  summary  P-169) of 
the  possible  occurrence  of  large  magnification 
factors  in  the  cutoff  region,  especially  for  flight 
at  high  altitudes. 

P-164 

CftGUMD  CONFIGURATION  EFFECTS  ON  SONIC  BOOM 
Dlno  Dlni  and  Renzo  Lazztretti 

A  CARD  Conference  Proceedings  No.  42,  Aircraft  Engine 
Noise  and  Sonic  Boon,  May  1969,  pp.  25-1  thru  25-29. 

This  paper  presents  a  very  general  discussion  of 
ground  configuration  effects  on  sonic  boom  intensi¬ 
ties.  It  la  shown  that  from  a  general  point  of 
vi tat,  the  ground  configuration  regarding  large 
areas  has  no  predominant  effect  on  sonic  boom. 

Soawi  sort  of  multiple  echoes  on  rough  ground, 
building-populated  areas,  and  mountain  peaks  and 
cavltlaa  may  considerably  amplify  the  intensity 
of  sonic  booms.  But,  essentially,  any  large 
magnifications  in  sonic  boom  intensity  that  may 
occur  are  concentrated  in  small  regions. 

For  a  more  extensive  and  quantitative  discussion 
of  the  intensification  factors  that  can  result 
from  ground  and  building  configuration  effacta, 
tea  capsule  summary  P-113. 

P-165 

F0CALIZAT10N  IN  SHORT  NON-LINEAR  WAVES,  APPLICATION  TO 
BALLISTIC  NOISE  OF  F0CALIZATI0M 
J.  ?.  Culraud 

NASA  TT  F-12,442,  Sept.  1969 

Sonic  boom  propagation  is  descrlbad  mathematically 
in  this  paper,  with  particular  emphasis  being 
placed  on  the  phenomenon  of  focusing.  Equations 
are  derived  which  give  tha  perturbation  velocities 
in  the  region  near  -a  focus,  and  it  is  shown  that 
these  aquations  can  be  reduced  to  a  Tricomi  equa¬ 
tion.  Ie  la  pointed  out,  however,  that  when  the 
short  wave  chain  which  approaches  the  caustic 
curve  la  associated  with  a  nonlinear  physical 
phenomenon  (such  as  an  N-wave)  peculiarities  arise 
In  the  solution  of  the  system  of  equations.  It 
is  hypothesized  that  theta  peculiarities  will  only 
be  overcome  by  e  numerical  procedure  involving 
similarity  considerations  at  the  caustic. 

Seebaes  (aaa  capsule  summaries  P-145  and  P-146) 
also  baa  investigated  nonlinear  acoustic  behavior 
in  the  vicinity  of  caustics. 

P-166 

THE  LOCATION  OF  THE  GROUND  FOCUS  LINE  PRODUCED  BY 

A  TRANSONICALLY  ACCELERATING  AIRCRAFT 

J,  M.  Nicholls  and  B.  P.  Janas 

Journal  of  Sound  and  Vibration,  Vol.  20,  No.  2, 

1972,  pp.  145-167 

This  paper  presents  an  extensive  investigation  of 
the  location  of  tha  ground  focus  lint  produced  by 


W 


ii 


j 

:  I 


•  tronionically  accelerating  aircraft.  Tha  theory 
of  sonic  boon  propagation  In  a  boriientally  atrati- 
f led  ataoaphara  with  winds  la  daacrlbod  aad  la 
utilised  to  derive  a  coaputer  program  for  finding, 
for  an  aircraft  accelerating  and  clinking  normally 
along  a  straight  line  ground  track,  the  location 
of  t;he  interaaction  of  tha  sonic  boon  wavefront 
with  the  ground.  Tha  locations  of  eke  ground  focus 
line  are  than  found  for  a  large  range  of  atnospharas. 
By  assuning  simplified  atmospheric  structures, 
relationships  are  then  derived  between  "focusing" 
Mach  number  Mf  (Mach  nunber  of  aircraft  at  which 
the  epex  ray  of  the  focus  line  originates),  and 
each  of  the  following:  cut-off  Mach  nunber  Mc, 
the  distance,  Dt-,  travelled  by  tha  airplane  in 
reaching  Mf,  the  distance  Sj  travelled  by  the 
wave  front  along  the  apex  ray,  and  the  lateral 
extent  of  the  focus  line.  The  possibility  of 
forecasting  the  location  of  the  focus  line  la  also 
considered,  together  with  the  possibility  of 
defining  an  area  on  the  ground  which  would  encom¬ 
pass  all  focus  lines  for  a  given  flight  plan, 
lu  a  later  remark  on  this  paper  (see  capsule  sum¬ 
mary  P-167  Haglund  and  Kane  show  that  the  theory 
used  in  the  present  paper  is  equivalent  to  that  of 
Hayes  (see  capsule  summery  P-98).  Also  presented 
in  that  note  ere  the  results  of  a  flight  test 
experiment  which  substantiates  the  results 
predicted  by  the  Hayes  coaputer  program,  and  which, 
therefore,  also  substantiate  the  validity  of  the 
theory  of  the  present  paper. 

P-167 

REMARKS  ON  THE  PAPER  BY  J.  M.  NICHOLAS  AND  B.  P. 

JAMES  "THE  LOCATION  OP  THE  GROUND  FOCUS  LINE  PRODUCED 

BY  A  TRANSOSICALLY  ACCELERATING  AIRCRAFT" 

G.  T.  Haglund  and  E.  J.  Kane 

Journal  of  Sound  and  Vibration,  Vol.  24,  So.  4,  1972, 

Letters  to  £d.,  pp.  1-5 

This  short  note  coaments  on  the  paper  by  Nicholls 
and  James  (see. capsule  summary  P-166)  and  also  on 
a  nrevious  paper  by  Nicholls  (see  capsule  summary 
TM-10 ) •  It  also  presents  some  data  from  flight 
experiments  conducted  in  Nevada  using  the  BREN 
tower  (see  capsule  summary  TM-13  which  confirm 
the  validity  of  using  geometric  acoustics  for  pre¬ 
dicting  the  location  of  focus  lines. 

In  the  paper  described  in  capsule  summary  TW-10 
Nicholls  noted  an  apparent  discrepancy  betwaen  his 
derivation  of  an  expression  for  the  threshold 
Hach  number  and  the  results  of  earlier  work  by 
Kane  and  Palmer  (see  capsule  summary  P-42) . 

It  is  shown  in  the  present  comment  that  both  are 
the. same  and  that  the  differences  ate  mainly  alge¬ 
braic  in  nature  due  to  differences  in  the  coordinate 
system  initially  assumed. 

A  comparison  of  numerical  results  for  the  caustic 
location  obtained  using  the  method  given  In  the 
later  paper  of  Nicholls  and  Janes  with  those 
obtained  using  the  method  of  Hayes,  et  al  (see 
capsule  summary  P-98)  is  then  made.  It  is  found 
that  the  results  are  essentially  the  same. 

Plight-test  measurements  of  the  caustic  location 
resulting  from  transonic  acceleration,  cade  using 
the  BREN  tower  in  Nevada,  are  then  compared  with 
the  results  predicted  using  the  method  of  Hayet, 
et  el.  It  is  shown  that  the  agreement  between 
theory  and  experiment  is  good.  For  a  furthar 
discussion  of  the  BREN  tower  flight  measurements 
see  capsule  summary  TM-13) 
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DISTORTION  OP  NEAR-SONIC  SHOCKS  BY  LAYERS  WITH  WEAK 

THERMAL  FLUCTUATIONS 

L.  8.  Taylor  and  R.  E.  Fhlnney 

Journal  of  Sound  and  Vibration,  Vol.  25,  No.  4, 

1972,  pp.  £23-631 

This  paper  presents  a  theoretical  investigation  of 
focusing  affects  of  random  temperature  and  pres¬ 
sure  variations  on  the  propagation  of  week  kIk  ck 
waves.  An  extension  ol  Whithorn's  theory  of  shock 
dynamics  (sea  capsule  summaries  P-17  and  P-22) 
forma  tha  baela  of  tha  theoretical  procedu-e  used. 

An  important  simplifying  assumption  is  made  in 
which  the  velocity  fluctuations  upstream  of  the 
weak  shock  ale  ignored  and  only  the  thermodynamic 
fluctuations  are  considered.  This  was  done  to 
avoid  the  sacasalty  of  transforming  to  randomly 
moving  coordinates  which  make  the  velocity  in  front 
of  tha  shock  appear  to  b«  aero,  and  then  trans¬ 
forming  back  to  fixed  coordinates  to  establish  the 
shock  properties. 

The  r.-«ult  of  tha  analysis  is  a  non-linear  partial 
differential  equation  for  the  function  a  which 
describes  the  shock  motion.  This  equation  is  the.) 
solved  using  a  perturbation  procedure.  The  final 
result  is  an  expression  for  the  pressure  fluctuation 
behind  the  shock.  For  turbulence  at  sea- level 
conditions,  the  equation  gives  a  pressure  fluctua¬ 
tion  on  the  order  of  l  psf. 

The  present  investigation,  as  pointed  out  by  the 
authors,  is  complamentary  to  the  previous  investi¬ 
gations  of  Crow  (see  capsule  nummary  P-79),  George 
end  Plotkin  (see  capsule  summary  P-124) ,  and  Pierce 
(see  capsule  sumary  p-80).  This  was  the  first 
attempt  made  to  solve  the  shock  turbulence  problem 
using  Whltham's  theory  of  shock  dynamics.  It  is 
pointed  out  by  the  authors  that  the  advantage  of 
this  method  is  that  the  ehock  is  created 
realistically  even  though  it  may  be  very  weak. 

By  not  ignoring  the  variation  in  propagation 
velocity,  a  disturbance  of  shock  shape  and  the 
related  alteration  in  strength  is  allowed.  The 
authors  also  point  out  that,  although  the  analysis 
Is  limited  to  the  context  of  Whitham's  theory,  it 
has  the  advantage  of  a  leas  ambiguous  mathematical 
development  than  haa  been  possible  In  the-  second 
order  theories  end  yields  results  which  are  in 
reasonable  agreement  with  observed  pressure  per¬ 
turbations. 

In  another  paper  (see  capsule  summary  P-156) 

Phinney  and  Taylor  performed  a  similar  investiga¬ 
tion,  except  in  that  case  velocity  perturbations 
ahead  of  the  shock  were  allowed. 

P-169 

ATMOSPHERIC  MAGNIFICATIONS  OF  SONIC  BOOMS  IN  THE 
OKLAHOMA  TESTS 

Bo  K.  Lund berg,  Robert  F.  Dressier,  and  Sven  bagman 
FFA  Report  112,  1967 

This  report  makes  use  of  the  data  obtained  in  the 
Oklahoma  Gity  sonic  boom  tests  (sec  capsule  summary 
S— 15)  to  perform  a  statistical  investlgai  lj-..  of 
atmospheric  magnification  of  sonic  boosts,  the 
"magnifications"  consist  of  sharp  spikes  super¬ 
imposed  on  the  normal  N-vave  signature  and 
are  due  to  atmospheric  turbulence  whir!: 
occurs  near  the  ground.  The  procedure  used  in  this 
investigation  consisted  of  the  following  four 
steps:  '13  the  cumulative  frequency  dis>- 
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tributions  of  local  AP  (overpreisure)  msgnifica- 
tioQ8  fcr  stations  at  0,  5,  and  10  miles  from  the 
flight  track  for  each  of  the  two  airplanes  used  in 
the  tests  were  taken  from  the  Oklahoma  City  report 
(see  capsule  summery  S-15);  (2)  the  straight-line 
distribution  for  each  station  was  then  shifted  so 
that  a  local  magnification  of  1  corresponded  to  a 
50X  probability  of  being  exceeded;  (3)  local  over- 
preasure  magnification  waa  then  plotted  versus 
y/H  for  various  probabilities  of  occurrence. 

The  increase  in  overpressure  msgnif ication  with 
flight  altitude  is  then  investigated.  Curves  of 
overpressure  magnification  versus  altitude  are 
plotted  for  the  altitude  range  of  25,000  to  70,000 
feet.  However,  at  altitudes  above  40,000  feet  the 
curves  are  merely  extrapolations  which  have  no 
experimental  basis.  These  extrapolations  indicate 
that  the  overpressure  magnification  factors  will 
increase  significantly  with  increasing  altitude, 
especially  in  the  region  of  lateral  cutoff.  The 
same  trend  was  found  for  the  signature  impulse. 

The  Oklahoma  City  flights  were  made  in  the  jet 
stream.  This  wind  influence  is  not  present  at 
higher  altitudes.  As  a  result,  the  extrapolations 
made  in  this  paper  are  invalid.  This  has  been 
borne  out  by  the  results  of  subsequent  flight 
rest  investigations  (see  capsule  s unwary  P-141, 
for  example) . 


This  paper  examine*  the  possible  thickening  of 
an  initially  sharp  conic  be om  shock  wave  by 
atmospheric  turbulence.  It  is  shown  that  the 
earlier  work  suggesting  turbulence  to  be  the 
cause  of  wave  thickening  (see  capsule  s unwary 
P-124,  for  example)  decribes  only  the  appar¬ 
ent  mean  diffusion  induced  by  random  convec¬ 
tion  of  a  sharp  wave  about  its  nominal  position 
and  thus  gives  an  irrelevant  upper  bound  on 
wave  thickness.  In  conjunction  with  wavefront¬ 
folding  mechanism  of  Pierce  (see  capsule  sum¬ 
mary  P-123)  it  is  concluded  that,  although  such 
a  mechanism  ultimately  accounts  for  an  apparent 
thickening  as  individual  rays  are  weakened  and 
tangled  by  turbulence,  this  process  is  too  slow 
to  be  effective  in  the  practical  boom  situation. 
The  paper  then  considers  what  linear  thickening 
of  a  wave  packet  results  from  propagation 
through  atmospheric  turbulence  and  concludes 
that,  in  the  relevant  limit,  a  wave  may  be 
thickened  by  a  factor  of  about  2  at  most. 

The  resulting  conclusion  is  that  atmospheric 
turbulence  cannot  be  the  cause  of  the  thousand¬ 
fold  discrepancy  between  the  measured  wave  fronts, 
and  their  Taylor  thickness.  Furthermore,  it  is 
concluded  that  the  actual  cause  of  the  wave 
thickening  is  the  known  tendency  for  weak  shocks 
to  attain  a  fully  dispersed  profile  owing  to 
non-equilibrium  gas  effects  (see  capsule  summary 
P-134). 


P-170 

LABORATORY  SIMULATION  OF  DEVELOPMENT  OF  SUPER- 

BOOKS  BY  ATMOSPHERIC  TURBULENCE 

H.  S.  Ribner,  P.  J.  Morris,  and  w.  H.  chu 

The  Journal  of  the  Acoustical  Society  of  America, 

Vol.  S3,  No.  3,  1973.  pp.  926-923 

This  paper  presents  the  results  of  a  laboratory 
simulation  of  turbulent-distortion  cf  N-waves. 
The  turbulence  was  simulated  by  an  air  jet  in 
the  UTIAS  80-ft  sonic  boom  generator  horn  (see 
capsule  summary  SM-17) .  The  jet  was  arranged 
so  as  to  blow  either  against  or  with  the  direc¬ 
tion  of  boom  propagation. 

The  results  showed  that  the  effect  of  the  jet 
flow  on  the  pressure  signature  of  an  N-wave 
travelling  against  the  flow  was  to  produce  a 
spiked  pressure  signature  closely  resembling 
that  resulting  from  supersonic  flight  in  a 
turbulent  atmosphere.  When  the  N-wave  trav¬ 
elled  with  the  flow  a  rounded  signature 
resulted. 

The'  was  the  first  experiment  ir.  which  "spiked" 
and  "rounded"  sonic  boom  waveforms  were  pro¬ 
duced  in  the  laboratory  by  the  interaction  of 
N-waves  with  turbulence.  The  results  of  this 
experiment  appear  to  contradict  the  conclusion 
reachod  by  williams  and  Howe  (see  capsule  sum¬ 
mary  P-171)  that  turbulence  cannot  cause  sig¬ 
nificant  shock  thickening. 


Ip  an  experimental  simulation  (see  capsule  sum¬ 
mary  P-170)  Ribner,  Morris,  and  Chu  found  that 
"rounded"  type  sonic  boom  signatures  could  be 
produced  by  the  interaction  of  an  initially 
sharp  N-wave  with  turbulence.  This  result 
would  appear  to  contradict  the  conclusions  of 
the  present  paper.  More  work  is  obviously 
required  before  a  firm  conclusion  regarding 
the  hypothesis  of  this  paper  can  be  made. 


P-172 

VIBRATIONAL  RELAXATION  EFFECTS  III  WEAK  SHOCK  HAVES 
III  MR  AND  THE  STRUCTURE  OF  SONIC  BANGS 
J,  P.  Hodgson 

J.  Fluid  Mech.,  Vol.  f-8.  Part  1,  1973,  pp.  1B7-196 

In  this  paper  the  vibrational  relaxation  of 
oxygen  and  nitrogen  is  shewn  to  be  effective  in 
dispersing  weak  shock  waves  in  the  atmosphere. 

It  Is  show  that  the  structure  of  the  waves 
depends  on  shock  strength,  ambient  pressure,  tem¬ 
perature,  and  hwidity.  In  cold  dry  conditions 
weak  shock  waves  may  be  several  meters  wide, 
whereas  stronger  shock  waves  in  a  hot  hisud 
atmosphere  may  be  only  a  few  millimeters  wide. 

This  is  a  significant  paper  in  that  it  provides 
a  convincing  explanation  of  the  reason  for  the 
thousand-fold  discrepancy  between  observed  sonic 
boom  shock  wave  thicknesses  in  normal  undistorted 
(nonrounded  and  nonspiked)  IJ-vaves  and  the  Taylor 
value. 


P- 171 

ON  THE  POSSIBILITY  OF  TURBULENT  THICKENING 
OF  WEAK  SHOCK  WAVES 
J.  E,  Ffowcs  Williams  and  M.  S,  Howe 
Journal  of  Fluid  Mechanics,  Vol.  53,  Part  3, 
1973,  pp.  461-480 
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THE  RELATION  BETWEEN  MINIMIZING  DRAC  AND  NOISE  AT 
SUPERSONIC  SPEEDS 
Adolf  Buseesnn 

Proceeding*  of  Che  Cc  fetence  on  High-Speed  Aero¬ 
nautic*  ,  Polytechnic  Institute  of  Brooklyn,  Januerv 
20-22,  195S,  pp.  134-144 

This  paper  discusses  the  fer-fleld  overpressures 
resulting  free  the  lift  and  volume  effects  of  e 
body  in  supersonic,  flight  and  the  relstion  be¬ 
tween  minimizing  the  vsve  drag  of  a  body  and 
minlnizing  the  su..Ic  boon  intensity.  The  shock 
strength  in  the  fer-fieid  is  calculated  for  an 
axially  sysssetric  cone  and  for  a  lifting  delta 
vlng  using  linear  theory.  The  calculation  shows 
thst  the  important  parameters  for  the  reduction 
of  wave  drag— the  thickness  ratio  or  totsl  angle 
of  the  cone  and  the  chord  of  the  vlng— enter 
Into  the  shock  strength  equation  with  the  one- 
fourth  power  and  the  altitude  enters  ss  the 
three-fourths  power.  Because  of  this  it  Is  con¬ 
cluded  that  progress  in  minimizing  wave  drag 
together  with  the  restriction  of  supersonic  flight 
to  high  altitudes  is  not  enough  to  keep  the 
sonic  boosi  intensity  within  satisfactory  Halts. 

This  is  one  of  the  earliest  papers  to  deal  specifi¬ 
cally  with  the  minimization  of  sonic  booas. 

M-2 

THE  SUPERSONIC  BOOM  OF  A  PROJECTILE  RELATED  TO 
DRAG  AND  VOLUME 
l.  L.  Ryhaing 

Boeing  Scientific  Research  Laboratories,  Doc.  No. 
Bl-82-0023  Oct.  1959 

In  this  paper  the  minimus  boon  of  a  slender, 
pointed  body  of  revolution  is  found,  subjec* 
to  constraining  conditions  on  the  bow  ohock 
drag  and  fineness  ratio.  The  body  volume  effect 
and  the  effect  of  discontinuities  in  slope  of  the 
body  meridian  section  on  the  boc«  intensity  Is 
else  investigated. 

The  problem  dealt  with  is  that  of  finding  the 
extreaes  of  the  quantity 

T  •  j°  Ffyldy 
o 

whan  Fl;';  is  subject  to  the  condition* 
yo 

c~—  •  J  FZ(y)dy  •  const  *  C 

r  t  q  1 


t  S(v  )  *  const  «  C. 

O  '  G  * 

and  F'v)  _»o  for  o^y^yo 

where 

y  *  first  zero  of  F-fusction  (excepting 
the  nose) 

0  »  drag  due  o  bov  shock. 


The  restriction  on  the  f-functloo  rules  out  ell 
bodies  which  have  a  second  positive  lobe  in  their 
F-function  which  is  largsr  then  the  first  negative 
lobe.  Lagrange's  aethod  is  then  used  to  find 
the  stationary  character  of  T. 

The  results  show  that  the  asymptotic  boon  strength, 
for  a  given  Mach  nueber  and  altitude,  is  deter¬ 
mined  nainly  by  the  length  end  fineness  ratio  of 
the  body,  the  detailed  geometry  having  only 
ascend  order  effects.  This  agrees  with  the  result 
found  later  by  Lansing  for  a  larger  clast  of 
bodies  (s*s  capsule  snrerery  G-13) .  roe  pointed 
bodies  with  a  given  length  and  fineness  ratio  it 
was  found  that  the  maximum  variation  in  boon 
intensity  was  about  ten  percent,  for  e  given  Mach 
number  and  altitude.  The  principal  result  is 
that  the  minimum  wave  drag  body  is  also  the  mini¬ 
mum  boon  body. 

The  main  drawback  to  this  invent igaticn  is 
that  it  deals  with  s  restricted  class  of  bodies — 
those  for  which  only  one  positive  lobe  of  the  F- 
f unction  contributes  to  the  how  shock  strength. 

Most  bodies  having  subsequent  shocks  which  contri¬ 
bute  to  the  strength  of  the  bow  shock  are,  there¬ 
fore,  not  necessarily  subject  to  the  conclusions 
of  this  report.  It  is  also  iaportant  to  note  that 
this  work  uses  Whithorn's  asymptotic  formula  (see 
capsule  summary  C-3)  and  is  not  valid  for 
the  naar  field. 

There  le  a  smell  error  on  page  7.  It  is  stated 
that  the  F-£unction  for  a  slender,  pointed  body 
is  not  neceasarily  ze-o  for  y  -  0.  This  Is  2 
incorrect,  since,  as  Whitham  showed,  ?(y) —  2k 
J r'*  as  y~0  where  K  is  the  nose  semi -angle. 

M-3 

SUPERSONIC  BOOK  OP  WING- BOOT  OWPICURATIONS 

I.  L.  Ryhming  and  T.  A.  Toler 

IAS  28th  Annual  Meeting  Paper  So.  6G-20  (Jan.  1960) 

Also,  Boeing  Document  D 1-82-0034,  (1959) 

The  results  of  sn  investigation  into  the  possi¬ 
bility  of  reducing  sonic  boon  strength  by  asking 
use  of  the  interference  between  a  wing  and  body 
are  presented.  Also  included  are  the  results 
of  wind  tunnel  experiments  which  substantiate  the 
conclusions  reached. 

A  method  is  derived  for  contouring  the  body  to 
that  rearward  from  the  body-wing  apex  Junction  the 
total  equivalent  body  has  zero  radius.  This  aethod 
uses  the  expressions  derived  by  Halkden  (see  cap¬ 
sule  summary  G-6)  for  tha  area  distributions  of 
the  equivalent  bodies  of  revolution  for  the  body 
voluse,  wing  volume,  lift,  and  wing-body  inter- 
f cranes.  To  get  the  equivalent  body  of  revolu¬ 
tion  for  the  entire  wing-body  combination,  the 
equivalent  area  distributions  for  body  volume, 
wing  volume,  and  lift  are  added  together,  end 
the  equivalent  ares  distribution  for  inter¬ 
ference  is  subtracted  from  this  totsl.  Thus,  oy 
designing  ths  body  properly,  the  equivalent  area 
distribution  for  interference  can  be  sad#  to 
cancel  the  sun  of  the  ocher  three  components  aft 
of  the  vlng  apex.  When  the  body  is  contoured 
in  such  s  manner,  the  only  contribution  to  the 
boom  will  oe  from  the  body  nose  aheed  of  the  wing 


apex.  Thus  che  contribution  of  the  boos  due  to 
lift  will  be  suppressed.  This  method  works  only 
when  the  boos  due  to  lift  is  of  the  sas e  order  ss 
the  boos  due  to  volume,  when  lift  effects  are 
dominant,  Che  interference  effects  cause 
cancel  them. 

To  check  the  validity  of  this  method,  two  muAjls 
were  tested  in  the  Boeing  4'  x  4'  supersonic 
blow-do- ,n  wind  tunnel  at  Mach  number*  of  1.41  and 
2,00,  One  code!  had  a  conical  nosu  with  a 
cylindrical  body  and  a  delta  win.,,  while  the  other 
had  a  conical  nose,  a  delta  wing,  and  an  Indented 
body  designed  to  produce  no  additional  boos  due 
in  lift  up  to  an  angle  of  attack  of  2*  at  K  *  1.41. 
The  . .guro  below,  which  was  taken  from  thie  paper, 
shows  that  the  second  peak  in  the  near-field  pres¬ 
sure  signature,  which  is  due  to  life  effects,  is 
significantly  suppressed  for  the  indented  body 
at  the  design  Mach  ousber  and  angle  of  attack. 

For  large  angles  of  attack,  where  lift  effects  are 
doninan*  there  was,  as  expected,  no  suppression. 

it  ‘  -  CYUNDfhCAL  fM30Y  (£>2  46*) 
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The  author  concludes  that  the  boom  due  to  life  can 
be  suppressed  by  aerodynamic  interference  as  long 
as  che  boos  due  to  lift  is  of  the  sane  order  as 
that  due  to  volume.  When  the  boom  due  to  lift  is 
much  larger  than  the  boo-  due  to  voltase,  Inter¬ 
ference  becomes  ineffective. 

This  is  a  good  example  of  che  early  boom  minimi¬ 
zation  studies,  which  did  not  treat  lift  effects 
as  the  dominant  factor  in  boos  generation. 

M-4 

SHOCK  WAVE  NOISE  OF  SUPERSONIC  AIRCRAFT 
I.  L.  Ryhsing,  V.  a.  Yoler,  and  V.  Acfci 
Society  of  Automotive  Engineers  Preprint  Sc.  1666, 
Presented  at  the  SAE  National  Aeronautic  Meeting, 

New  York,  N.Y.,  April  5-8,  I960 

This  is  a  condensed  version  of  an  earlier  paper 
by  Ryhming  and  ‘Oier  (see  capsule  summary  M-3}. 

The  reader  is  referred  to  the  capsule  summary  of 
that  paper  for  a  description  of  this  investigation. 

M-3 

ON  THE  CROCK'D  LEVEL  DISTURBANCE  FROM  LARGE  AIRCRAFT 
FLY INC  AT  SUPERSONIC  SPEEDS 
C.  M.  Ltlley  and  J.  J.  Spillman 

The  College  of  Aeronaut  lea,  Cranfleld,  Note  So.  103, 
Hay  i960 


This  paper  discusses  the  topics  of  sonic  booa 
generation,  structural  response  to  sonic  hooas, 
effects  of  limiting  sonic  booa  overpressure  on 
sonic  boo*  Intensity,  and  sonic  boos  sisiaization. 
Only  the  minimization  concepts  are  discussed  here. 

The  sin.  izat  on  concept  discussed  here  is  based 
upon  a  favorable  interference  between  the  lift 
and  volume  effects  of  the  airplane.  If  the 
influence  of  the  wing  can  be  contained  in  the 
region  V^Y*"  then  the  intensity  of  the  how 
shock  wilt  depend  only  upon  the  volume  distribution 
of  the  airplane.  Here  y  *  const  refers  to  the 
"exact"  characteristics  as  derived  by  Whithss  and 
y0  is  tile  value  of  y  for  which 

F(y)dy 

Jo 

is  a  maximum  (see  capsule  summary  G-3  for  further 
explanation  of  this  nomenclature).  The  intensity 
of  the  rear  shock  will  be  decreased  by  favorable 
interaction  between  the  positive  pressure  coeffi¬ 
cients  of  the  wing  and  the  negative  pressure  co¬ 
efficients  of  the  tody,  it  is  concluded  that  by 
designing  the  aircraft  sc  that  the  lift  i#  toward 
the  rear  part  of  the  configuration,  and  by*  choos¬ 
ing  a  suitable  volume  distribution  for  the  air¬ 
plane.  it  should  bo  possible  to  minimise  pressure 
intensities  Sr.  the  far  field  for  a  given  distri¬ 
bution  and  a  limited  range  of  lift. 

Rhyming  ar.d  Yoler  (see  capsule  summary  M-3)  con¬ 
ducted  a  similar  Investigation  into  the  possi¬ 
bility  of  using  the  interference  between  lift  and 
volume  effects  to  reduce  the  sonic  boom  intensity. 
Their  Investigation  was  siore  quantitative,  and 
it  included  experimental  verification  by  wind 
tunnel  results.  The  present  report  deal*  only 
In  qualitative  sera*. 

H-6 

LOVES  30CNW  FOR  SONIC  SANDS 

L,  8.  Joses 

Journo i  of  t  -e  Soyal  Aeronautical  Society.  Vol.  65, 

Jose,  1961 

A  derivation  .  f  u»  tomr  fcoisid  for  sonic  boom 
iotostitv  due  to  Pti-tmm  effects,  lift  affects, 

*J>4  comb  ice*.'  ilfert*  of  lift  and  volume  is  pre- 
s«»tc‘  is  t-i*  majtef,  The  starting  point  of  the 
i  - , .  ! -  -hltfcae"*  asymptotic  formula  {see 
iare-«6l«  a-sm* r*  3-  *)  far  the  bev  shock  MVerpres- 
iuw?-  In  .  rder  to  minimize  that  formula  It  It 


3  vn-rc  F  is  W;u max's 


f- fund  Ion  and  y\  Is  the  value  of  y  which  aaxi- 
aires  the  integral  (see  capsule  summary  C  i  for 
further  explanation  of  m«aenclature) .  Tne 
expression  derived  by  tfalkden  (see  capsule  ■tue- 
nary  G-6)  Is  used  to  relate  the  F-funr.tion  to  the 
lift  and  area  distributions  of  the  airplane. 
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The  first  problem  dealt  with  is  that  of  finding 
the  lower  bound  for  the  sonic  boom  due  to  lift. 

This  is  done  by  deriving  an  expression  for  the 
total  lift  in  terms  of  the  F-function  distribu¬ 
tion  over  the  lifting  length.  The  resulting 
expression  shows  that  the  F-function  is  more 
efficient  in  "producing"  lift  if  it  is  located 
nearer  the  apex  of  the  wing  than  the  trailing  edge. 
Therefore,  in  the  limit  the  lower  bound  for  the 
sonic  boom  of  a  thin  wing  at  given  lift  is 
such  that  the  F-curve  is  zero  except  at  the  origin. 

The  next  problem  dealt  with  is  that  of  finding 
the  lower  bound  for  the  sonic  boom  of  an  aircraft 
whose  design  is  frozen  except  that  the  wing  may 
be  cambered  and  twisted  in  order  to  change  the 
chordwise  load  distribution.  It  is  shown  that 
for  this  case  the  F-function  for  lift  should  be 
chosen  such  that  over  the  rear  region,  where  the 
F-function  due  to  volume  is  negative,  it  is  the 
mirror  image  of  the  F-functlon  for  volume.  If 
the  lift  co .responding  to  this  chosen  F-function 
is  greater  than  the  weight  of  the  aircraft,  it  is 
possible  to  obtain  a  total  sonic  boom  intensity 
which  is  smaller  than  that  due  to  volume  alone, 
since  this  excess  lift  can  be  cancelled  by  taking 
all  the  F-function  for  lift  to  be  negative  upstream 
of  the  zero  at  yQ.  If  on  the  other  hand,  the 
resulting  lift  is  less  than  that  required,  it  pays, 
for  reasons  stated  in  the  previous  paragraph,  to 
concentrate  this  extra  positive  F-function  near 
the  apex  of  the  wing. 

The  problem  of  finding  the  minimum  sonic  boom 
due  to  volume  is  treated  in  a  similar  manner  to 
that  of  finding  the  iinimum  boom  due  to  life. 

For  a  slender  body  of  given  length,  closed  at 
front  and  with  given  area  at  the  base,  it  is 
found  that  the  distribution  of  S(x)  for  the  lower 
bound  is -\/x/T,  except  very  near  the  origin.  Here 
s(:s)  is  the  cross-sectional  area,  x  is  distance 
from  nose,  and  2  is  aircraft  length.  It  is 
shown  that  the  F-functlon  should  be  chosen  such 
that  the  positive  area  is  concentrated  at  the 
nose  and  the  negative  region  at  the  base  for  the 
case  of  a  closed  body  of  given  length  and  volume. 

It  is  shown  that  for  such  a  body  the  minimum 
value  of  the  F-function  integral  is  given  by 

yo  3 .j 

|  F(n)dn  -  3/8  v/s.  ' 

o 

whfere  V  =  aircraft  volume  and  l  =  aircraft  length. 

The  final  problem  treated  Is  that  of  finding  the 
lower  bound  for  the  sonic  boom  due  to  volume  plus 
lift.  The  case  considered  is  that  of  an  aircraft 
of  given  length,  lift  and  volume.  The  F-function 
for  volume  is  taken  as  in  the  previous  paragraph. 
Part  of  the  F-function  due  to  lift  should  be  taken 
as  the  mirror  image  of  the  negative  F-function 
due  to  volume.  The  F-function  corresponding  to 
the  rest  of  the  lift  should  be  concentrated  at  the 
apex  of  the  lifting  length. 

This  is  the  most  important  early  paper  on  sonic 
boom  minimization  in  the  far  field.  The  lower 
bound  body  shape  required  to  achieve  this  sonic- 
boom  level  is  quite  blunt  and  is  therefore  some¬ 
what  impractical . 


H-7 

THE  LOWER  BOUND  OF  ATTAINABLE  SONIC-BOOM  OVERPRESSURE 
AND  DESIGN  METHODS  OF  APPROACHING  THIS  LIMIT 
Harry  V.  Carlson 
NASA  TND-1494,  Oct.,  1962 

An  approximate  lower  bound  of  attainable  sonic- 
boom  overpressure,  which  depends  only  on  the 
airplane  length,  weight,  and  volume  and  on  the 
flight  conditions  is  established  in  this  paper. 
Whitham's  asymptotic  formula  (see  capsule  summary 
G-3)  for  the  bow  shock  overpressure  is  used,  and 
the  equivalent  area  distribution  for  the  com¬ 
bined  effects  of  lift  and  volume  (see  capsule 
summary  G-6)  Is  varied  in  order  to  find  a  minimum 
for  the  bow  shock  intensity.  It  is  found  -.hut 
the  Von  Karman  minimum-drag  body  is  also  the 
minimum  boom  body. 

It  is  concluded  that  this  lower  bound  may  be 
epproached  over  a  narrow  range  of  flight  conditions 
through  the  application  of  appropriate  design  con¬ 
siderations.  In  general,  for  Intermediate  values 
of  lift  coefficient  the  major  portion  of  the  lift 
generating  surfaces  must  be  located  aft  oi  the 
maximum  cross-sectional  area,  whereas  for  higher 
values  of  lift  coefficient  the  maximum  area  must 
be  well  forward  and/or  the  lift-producing  surfaces 
m>  *•  extend  well  toward  the  airplane  nose.  These 
findings  are  summarized  in  the  figure  below,  which 
shows  the  approximate  sonic  boom  lower  bound  as 
a  function  of  lift  parameter.  The  sketches  illus¬ 
trate  representative  configurations. 


Rhyming  and  Yoler  (see  capsule  summary  M-3) 
conducted  a  similar  investigation  and  concluded 
that  the  minimum  wave  drag  body  is  also  the  mini¬ 
mum  boom  oody.  In  another  investigation  (see 
capsule  summary  M~5)  Lilley  and  Spillman  con¬ 
cluded  tnat  by  placing  the  lift  distribution 
toward  the  rear  of  the  airplane  it  should  be  pos¬ 
sible  to  reduce  the  sonic  boom  intensity  for  s 
limited  range  of  lift,  which  agrees  with  the 
results  of  the  present  paper.  An  absolute  far 
field  lrwer  bound  was  detived  by  Jones  but  the 
shape  of  the  required  area  distribution  was 
somewhat  Impractical  (see  capsule  summary  M-6). 
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CONFIGURATION  EFFECTS  ON  SONIC  BOOM 
Hsrry'W,  Carlson 

NASA  TM  y  905,  Proceedings  of  NASA  Conference  on 
Supersonic-Transport  Feasibility  Studies  and 
Supporting  Research,  December  1963,  pp.  381-398 

This  paper  discusses  far-field  lower  bounds  on 
sonic  boom  Intensities  and  design  methods  of 
approaching  this  limit.  Use  is  made  of  the 
finding  by  Jones  (see  capsule  summary  M-6)  that 
the  shape  of  the  equivalent  area  curve  yielding 
a  minimum  sonic  boom  in  the  far-field  is  repre¬ 
sented  by  a  function  in  which  the  area  is  propor¬ 
tional  to  the  square  root  of  the  distance  except 
in  the  immediate  neighborhood  of  the  airplane  nose. 
Theoretical  and  experimental  results  of  modifying 
airplane  configurations  to  approach  that  of  the 
lower  bound  are  then  presented.  Also  included  is 
a  discussion  of  the  drag  penalties  involved  in 
making  such  modifications.  The  reader  is  referred 
to  capsule  summary  M-9,  where  a  summary 
of  these  results  is  given. 

It  is  concluded  that  compromises  with  other  design 
considerations  will  prevent  anything  more  than 
a  limited  approach  to  lower  bound  overpressur 

This  is  a  good  discussion  of  far-field  lower  bound 
concepts  and  the  problems  involved  in  designing 
airplanes  to  achieve  lower  bound  overpressures. 

M-9 

INFLUENCE  OF  AIRPLANE  CONFIGURATION  ON  SONIC 
BOOM  CHARACTERISTICS 
Harry  W.  Carlson 

Journal  of  Aircraft,  Vol.  1,  No.  2,  March-April, 

1964,  pp.  82-86 

A  discussion  of  lower  bound  concepts  and  design 
methods  of  approaching  this  limit  are  presented 
in  this  paper.  The  finding  by  Jones  (see  capsule 
summary  M-6)  that  the  shape  of  the  area  distri¬ 
bution  curve  yielding  a  minimum  sonic  boom  is  a 
function  in  which  the  area  is  proportional  to  the 
square  root  of  the  distance  except  in  the  imme¬ 
diate  neighborhood  of  the  airplane  nose  is  used. 

The  figure  below  shows  a  comparison  of  the  bow 
shock  overpressure  for  a  lower  bound  configura¬ 
tion,  a  normal  aircraft  configuration,  and  a  modi¬ 
fied  configuration  whose  design  approached  that 
of  the  lower  bound.  The  maximum  theoretical  reduc¬ 
tion  in  boon  strength  (about  251)  occurs  at  the 
design  point  and  benefits  fall  off  rapidly  on 
either  side  of  that  point.  The  wind-tunnel  mea¬ 
sured  values  for  the  two  models  show  only  a  part 
of  the  theoretical  gains,  however.  It  was 
thought  that  some  of  this  discrepancy  may  have 
been  due  to  boundary-layer  and  separated-f low 
effects  on  the  small  models. 


A  theoretical  investigation  of  the  effect  on  drag 
of  designing  a  configuration  for  minimum  sonic  boom 
was  then  conducted.  The  results  are  summarized 
in  the  figure  below.  Shown  In  the  figure  are 
theoretical  sonic  boom  characteristics  and  corre¬ 
sponding  values  of  zero  lift  wave  drag  for  an 
arrow-wing  transport  configuration  and  three  modi¬ 
fications.  The  modification*  consisted  only  of 
changes  in  fuselage  area  distribution.  Configura¬ 
tion  B,  which  was  modified  to  approach  the  sonic 
boom  lower  bound  for  a  design  point  of  M  ■  3  at 
an  altitude  of  t.0,000  feet,  required  a  greatly 
enlarged  forward  fuselage  with  a  resultant  total 
airplane  volume  increase  of  602.  This  increase 
in  volume  resulted  in  an  extremely  large  zero-lift 
drag  penalty  and  alno  showed  up  as  an  increase  in 
overpressure  for  zero  lift.  Configuration  C,  with 
a  design  point  of  M  =  1.4‘at  35,000  feet  had  a 
total  volume  increase  of  11%,  but  still  showed  a 
sizable  drag  penalty.  Configuration  0  was  a  com¬ 
promise  design,  having  no  volume  change,  in  which 
an  attempt  was  made  to  produce  a  smooth  effect¬ 
ive  -area  -distribution  curve  (similar  to  that  of 
the  area  distribution  for  a  minimum-wave -drag 
body  of  revolution)  for  the  design  point  of  M  * 

3,  h  *  60,000  feet.  The  decrease  in  overpressure, 
wnich  was  not  as  pronounced  as  for  the  other  two 
modifications,  extended  over  the  whole  range  of 
lift  coefficients,  and  only  a  small  drag  penalty 
was  shown.  It  is  concluded  that  compromises 
with  other  design  considerations  will  prevent 
anything  more  than  a  limited  approach  to  lower- 
bound  overpressures. 


C  D 
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Ovcrpmsurt-ting  relationship  for  boom-optirmzed  configurations 


This  psper  gives  sn  excellent  summary  of  the  state 
of  the  art  of  sonic  boom  minimization  concepts  ss 
of  1964. 

M-X0 

CORRELATION  OF  SONIC  BOOM  THEOR'Y  WITH  WIND  TUNNEL 

AND  FLICHT  MEASUREMENTS 

Harry  W,  Carlson 

NASA  TR  R-213,  Dec.,  1964 

This  paper  presents  a  summary  of  the  state  of  know¬ 
ledge  as  of  1964  concerning  sonic  boom  generation 
and  minimization.  For  a  discussion  of  the  genera¬ 
tion  concepts  see  capsule  summary  G-25.  The  sec¬ 
tion  of  the  paper  dealing  with  minimization  concepts 
Is  essentially  the  same  as  an  earlier  paper  by 
Carlson  (see  capsule  summary  M-9) .  The  reader  is 
referred  to  the  capsule  summary  of  that  paper  for 
a  discussion  of  these  results. 
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DESIGN  METHODS  FOR  MINIMIZATION  OF  SONIC  BOOM 

PRESSURE-FIELD  DISTURBANCES 

F.  Edvurd  McLean  and  Barrett  L.  Shrout 

Proceedings  of  the  Sonic  Booa  Symposium,  Acoustical 

Society  of  America,  St.  Louis,  Mo,,  November  3,  1965, 

pp.  S19-S25 

Sonic  boom  overpressure  reductions  in  the  near 
field  are  studied  in  this  paper.  The  investigation 
is  based  upon  the  results  of  an  earlier  paper  by 
McLean  (see  capsule  sum  ary  g-27)  which  showed 
that  far-field  solutions  are  not  applicable  for 
some  normal  operating  conditions  of  a  large  slender 
airplane,  in  particular  the  critical-climb  por¬ 
tion  of  the  supersonic  transport  flight  path. 

For  these  conditions,  the  ground  pressure  dis¬ 
turbance  depends  upon  the  shape  of  the  airplane, 
and  the  actual  ground  overpressures  are  usually 
less  than  those  predicted  by  far-field  theory. 
Furthermore,  such  a  pressure  signature  may  be 
favorably  altered  by  design  modifications  to  the 
airplane. 

To  consider  the  possible  reduction  of  sonic  boom 
overpressure  through  near-field  effects,  an  arrow¬ 
wing  transport  was  analyzed  with  the  general  near¬ 
field  solutions  of  sonic  boom  theory  (see  Whitham's 
general  formula  in  capsule  summary  G-3).  Further¬ 
more,  an  analytic  modification  to  the  original 
airplane  shape  was  made  to  provide  a  more  ideal¬ 
ized  near-field  effective-area  distribution.  The 
results  of  these  near-fleld  considerations  are 
shown  in  the  figure  below,  which  was  taken  from 
this  paper,  for  a  representative  climb  condition 
of  M  «  1.4  and  W  ■  400,000  lb.  As  Indicated  by 
the  dashed  signature  of  the  right-hand  plot,  the 
purpose  of  the  modification  was  to  create  a  smooth 
effective  area  in  such  a  manner  as  to  replace  the 
sawtooth  pressure  disturbance  in  the  inset  sketch 
with  a  single  bow  shock  followed  by  a  succession 
of  very  weak  shocks.  The  estimated  effect  of  the 
modification  was  to  reduce  the  maximum  overpressure 
at  the  critical  climb  condition  from  2.2  to  1.3  lb/ 
sq  ft.  It  Is  stated  that  analytical  studies 
showed  that,  for  this  particular  application,  the 
near-field  modification  would  have  little  or  no 
detrimental  influence  on  other  aspects  of  airplane 
performance.  It  Is  pointed  out,  however,  that 
this  might  not  be  true  for  a  similar  near-field 
modification  applied  to  some  other  airplane. 

MHUSIS  MOCXFICXnON 
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.Wear-field  effects  on  climb  overpressures 

The  results  of  a  wind  tunnel  test  using  bodies 
of  revolution  equivalent  to  the  original  and  modi¬ 
fied  configurations  are  shown  in  the  figure  below, 
which  also  was  taken  from  this  paper.  This  figure 


shows  that,  for  both  the  original  and  modified 
shapes,  the  agreement  between  theory  and  experi* 
ment  is  good.  The  modified  shape  appears  to  haw 
the  desired  effect  of  replacing  the  original  two- 
shock  system  with  a  bow  shock  followed  by  a  suc¬ 
cession  of  weak  shocks.  The  maximum  overpres¬ 
sures  within  the  modified  signature  are  considerably 
reduced  from  those  generated  by  the  original  shape. 

M  •  Ml,  ^  M  •  10 


Tunnel  signatures  from  equivalent  body  representing  modified 
supersonic  transport 


Wind  tunnel  results  obtained  in  complete  model 
tests  of  the  orig'.nal  and  modified  arrow-wing 
transport  showed  that  the  desired  signature  shapes 
were  approached,  but  not  quite  obtained.  This 
was  believed  to  be  due  to  difficulties  in  con¬ 
structing  small .models  to  exact  specifications. 

It  is  concluded  that,  if  low  overpressure  is  a 
primary  consideration  in  the  supersonic-transport 
operation,  near-field  effects  offer  some  promise 
for  sonic  boom  suppression  in  the  critical-climb 
portion  of  the  flight  path. 

In  an  earlier  paper  (see  capsule  summary  M-6) 

Jones  derived  the  far-field  lower  bound  body  shape. 
Until  McLean  introduced  his  concept  of  sonic  boom 
minimization  through  the  use  of  extended  near¬ 
field  effects.  It  was  believed  that  no  overpres¬ 
sures  lower  than  the  Jones  far-field  lower  bound 
could  be  obtained.  Later  investigations,  such 
as  those  by  Ferri  (see  capsule  summaries  M-24, 

M-44  and  M-58),  Seebass  (see  capsule  summary 
M-37),  George  (see  capsule  summary  M-41),  Jones 
(see  capsule  summary  M-42),  and  Seebass  and 
Ceorge  (see  capsule  summaries  M-53,  M-61,  and 
M-62)  showed  that  this  is  not  the  case  when  near¬ 
field  effects  are  taken  into  account.  Thus  the 
concept  introduced  in  this  paper  and  earlier  papers 
by  McLean,  led  to  a  whole  new  trend  in  sonic  boom 
minimization  efforts. 

M-12 

THE  INFLUENCE  OF  AIRPLANE  CONFIGURATION  ON  THE 
SHAPE  AND  MAGNITUDE  OF  SONIC-BOOM  PRESSURE  SIGNA¬ 
TURES 

F.  Edward  McLean  and  Harry  W.  Carlson 

AIAA  Paper  No.  65-803,  Presented  at  AIAA/RAeS/ 

JSASS  Aircraft  Design  and  Technology  Meeting, 

Nov.  15-18,  1965 
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The  effect  of  configuration  variables  and  the 
range  of  applicability  of  near-field  boom  mini¬ 
misation  concepts  are  discussed  in  this  paper. 

A  previous  study  by  McLean  (see  capsule  summary 
C-27)  indicated  that  for  large  slender  airplanes, 
such  as  the  supersonic  transport,  the  near-field 
effects  of  airplane  shape  on  the  pressure  signa¬ 
ture  might  extend  to  the  ground.  This  paper 
considers  the  use  of  these  extended  near-field 
effects  as  a  possible  sonic-boom  minimization  pro¬ 
cedure. 


of  replacing  the  original  two-shock  system 
with  a  single  bow  shock  followed  by  a  succes¬ 
sion  of  weak  shocks.  The  results  obtained  using 
the  complete  airplane  models  did  not  show  quite 
the  same  degree  of  correlation  with  theory  as 
did  the  equivalent  body  results.  The  trends 
were  quite  similar,  however.  It  is  concluded 
that  the  near-field  boom  minimization  concept 
may  have  useful  application  in  the  critical 
transonic  portion  of  the  supersonic  transport 
flight  path. 


An  arrow-wing  transport  configuration  was 
analyzed  on  the  basis  of  both  near-field  theory 
(see  capsule  summary  C-3  )  and  far-field  theory 
(see  capsule  summary  G-3,  for  example).  The 
calculated  signatures  and  maximum  overpressures 
for  this  transport  configuration  are  shown  in  the 
figure  below  for  two  representative  operating 
conditions.  Somewhat  lower  overpressures  (about 
10  percent)  are  Indicated  by  the  more  applicable 
near-field  solution  in  the  critical  climb  or 
acceleration  case.  The  near-field  effects  are 
negligible  at  altitudes  and  weights  associated 
with  the  cruise  Mach  number  of  2.7,  however. 

Since  the  climb  portion  of  the  transport  flight 
path  is  the  most  critical  from  sonic  boom  con¬ 
siderations,  the  reductions  indicated  by  the 
near-field  analysis  of  this  flight  regime  are 
significant. 
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In  an  earlier  investigation  (see  capsule  sum¬ 
mary  M-9)  into  the  influence  of  airplane  configu¬ 
ration  on  sonic  boom  characteristics  Carlson 
concluded  that  compromises  with  other  design 
considerations  would  prevent  anything  more  than 
a  limited  approach  to  lower-bound  overpressures. 
However,  no  account  was  t'aken  in  that  investi¬ 
gation  of  near-field  effects.  The  present 
Investigation  shows  that  when  near-field  effects 
are  taken  into  account,  sonic  boom  intensities 
lower  than  those  of  the  far-field  lower  bound 
may  be  attainable  for  certain  flight  conditions. 

M-13 

A  HIND  TUNNEL  STUDY  OF  S^NIC-BOOM  CHARACTERISTICS 

FOR  BASIC  AND  MODIFIED  MODELS  OF  A  SUPERSONIC 

TRANSPORT  CONFIGURATION 

Harry  W.  Carlson,  F.  Edward  McLean,  and  Barrett 

L.  Shrout 

NASA  TMX-1236,  May  1966 

This  report  presents  the  results  of  a  wind  tunnel 
study  which  verified  the  use  of  near-field  con¬ 
cents  to  modify  sonic  boom  pressure  signatures. 
Basic  and  modified  models  of  a  supersonic  trans¬ 
port  configuration  having  an  overall  length  of 
10  cm  were  tested  In  the  Langley  4-  by  4-foot 
supersonic  wind  tunnel  at  Macb  numbers  of  1.41 
and  2.01.  The  modified  model  was  designed  using 
Whitham’s  general  (non-asymptotic)  theory  (see 
capsule  summary  G-3)  to  have  a  flat  top  pressure 
signature. 

Equivalent  bodies  of  revolution  representing  the 
basic  and  modified  models  were  also  tested  in  the 
wind  tunnel.  It  was  found  that  the  agreement 
between  experiment  and  theory  was  good. 


Consideration  is  then  given  to  design  modifica¬ 
tion  of  the  arrow-wing  research  transport  so  as 
to  modify  and  reduce  the  magnitude  of  the  pres¬ 
sure  disturbance  during  the  critical  climb  portion 
of  the  flight  path,  l.ie  nature  of  the  design  modi¬ 
fication  was  to  provide  an  enlarged  forward  fuse- 
lag*  section  so  as  to  create,  at  the  design  point 
of  40,000  feet  and  design  Mach  number  of  1.4,  a 
smooth  effective  area  distribution.  The  estimated 
overpressures  for  the  modified  configuration  are 
-liown  to  be  less  than  those  of  the  far-field 
lower-bound  of  overpressures. 

A  wind  tunnel  investigation  was  then  conducted 
using  four-inch  airplane  models  of  the  original 
and  modified  transport  configurations.  Also 
Included  were  equivalent  bodies  of  revolution 
representing  the  airplane  effective  area  distri¬ 
butions  at  the  design  Mach  number  of  1.4,  design 
weight  of  400,000  lbs,  and  design  altitude  nf 
40,000  feet.  The  results  obtained  using  the 
equivalent  bodies  are  shown  in  the  second 
figure  in  capsule  auwrary  K-ll.  The  modified 
shape  ia  seen  to  have  the  desired  effect 


This  was  a  very  significant  wind  tunnel  Investi¬ 
gation  since  it  was  the  first  to  demonstrate  the 
validity  of  using  near-field  effects  to  modify 
sonic  boom  pressure  signature  shapes.  These  wind 
tunnel  results  are  also  discussed  in  earlier 
papers  by  McLean  and  Carlson  (see  capsule  suasaary 
M-12)  and  McLean  and  Shruut  (see  capsule  summary 
M-ll) . 

M-14 

SONIC-BOOM  CHARACTERISTICS  OF  PROPOSED  SUPERSONIC 

AND  HYPERSONIC  AIRPLANES 

F.  Eduard  McLean  and  Harry  W.  Carlson 

NASA  TN  D-3587,  September  1966 

This  paper  explores  the  use  of  near-field  effects 
to  modify  the  sonic  booms  of  large,  heavy  super¬ 
sonic  and  hypersonic  airplanes.  It  also  relates 
the  predicted  sonic  boom  characteristics  of  such 
airplanes  to  those  of  the  supersonic  airplanes 
that  were  operational  at  the  time  the  report 
was  written,  but  for  a  summary  of  this  discussion 
see  capsule  suwnary  SBA-8. 
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It  Is  shows  that  by  making  use  of  the  near-field 
characteristics  of  large  airplanes  the  sonic 
boom  pressure  signatures  during  the  early  climb 
and  acceleration  phases  of  flight  can  be  modi¬ 
fied  significantly  to  obtain  either  a  lower  over¬ 
pressure  or  a  finite  rise  time.  The  increased 
altitude  at  which  cruising  flight  takes  place 
makes  the  use  of  near-field  effects  less  effective 
in  modifying  the  shape  of  the  pressure  signature 
during  cruise;  however,  it  is  shown  that  by 
increasing  the  airplane  length,  near-field  effects 
can  become  important  for  this  case,  also.  The 
area  modifications  required  to  obtain  the  finite- 
rise-time  and  plateau-type  pressure  signatures 
are  discussed,  and  wind  tunnel  results  are  pre¬ 
sented  which  demonstrate  that  a  model  modified  to 
produce  a  plateau-type  pressure  signature  actually 
did,  to  a  close  approximation,  generate  the 
desired  signature.  The  results  of  this  wind  tunnel 
test  were  also  discussed  in  the  papers  summarized 
in  capsule  summaries  M-ll,  M-12,  and  M-13. 


M-15 

SONIC  BOOM  ANALYSIS 
Richard  K.  Koegler 

AIAA  Paper  No.  66-941,  presented  at  AtAA  Third  Annual 
Meeting,  Boston,  Mass.,  Nov.  29-Dec.  2,  1966 

In  this  paper  a  survey  Is  made  of  the  SST  sonic 
boom  problem  with  respect  to  the  phenomena  of  shock 
wave  decay  and  aural  response  and  their  relation 
to  SST  configuration  constraints  and  flight  per¬ 
formance  characteristics.  Means  of  alleviating  the 
effects  of  sonic  booms  on  supersonic  transport 
design  are  explored,  largely  on  the  basis  of 
Lighthill's  viscous  wave  scudies  and  Whitham's 
theory  (see  capsule  summary  C-3).  It  is  shown 
that  SST  overpressure  ratios  near  the  aircraft 
in  cruise  flight  and  altitude  effects  on  viscosity 
are  large,  resulting  in  the  conclusion  that  the 
shocks  nay  decay  more  rapidly  than  predicted  by 
Whitham's  theory.  The  phenomenon  of  high  decay 
rates  in  intermediate  shocks  (see  capsule  summary 
M* 2 1 )  is  also  discussed,  along  with  the  use  of 
near-field  effects  to  reduce  human  aural  response. 

M-16 

LOWER  BOUNDS  TOR  SONIC  BANGS  IN  THE  FAR  FIELD 
L.  B.  Jones 

The  Aeronautical  Quarterly,  Vo).  18,  Feb.,  1967, 
pp.  1-21 

Far-fleld  lower  bounds  are  obtained  in  this  paper 
for  the  intensity  of  the  sonic  boom  resulting 
frem  a  siender  aircraft  flying  straight  and  level 
at  supersonic  speeds.  The  lower  bounds  are  ob¬ 
tained  for  an  aircraft  subject  to  various  con¬ 
straints  on  its  totai  lift,  volume,  area  distri¬ 
bution,  and  center  of  pressure  position.  In  all 
cases  the  length  of  the  aircraft  is  taken  as  fixed. 
Also,  in  the  appropriate  cases  it  is  assumed  that 
the  body  or  aircraft  is  closed  at  the  nose.  The 
pressure  jump  across  the  shock  wave  Is  taken  to 
be  that  given  by  the  Whitham-Walkden  theory  (see 
capsule  summaries  G-3  and  G-6). 

The  central  problem  dealt  with  is  that  of  finding 
a  minimum  of 


J  "  ^  F(q)  djj  given  certain  con- 
o 


straints  on  F(n).  This  is  done  for  non-lifting 
bodies,  a  lifting  wing  without  volume,  and  l-r  a 
general  configuration.  The  results  are  summar¬ 
ized  in  tables  which  present  the  physical  quanti¬ 
ties  constrained  In  each  case,  the  minimum  values 
of  J,  and  any  necessary  conditions. 

The  work  described  in  this  paper  proves  the 
results  quoted  In  an  earlier  paper  by  Jones  (see 
capsule  summary  M-6)  and  extends  the  results  to 
cover  more  constraints,  mainly  the  center  of 
pressure  position. 

M-17 

SONIC  BOOM  REDUCTION 

Adolf  Busemann 

NASA  SP-147,  Sonic  Boom  Research,  1967,  pp.  79-82 

A  brief  Investigation  intb  the  use  of  quadrupoles 
to  reduce  sonic  boom  intensities  is  presented  in 
this  paper.  The  purpose  of  using  the  quadrupoles 
Is  to  design  the  airplane  lifting  surface  so  as  to 
"suck  more  toward  the  sky  and  press  less  toward 
the  ground." 

It  is  shown  that  the  representation  of  the  air¬ 
craft  configuration  by  quadrupoles  requires  a 
strength  distribution  along  the  center  of  the 
airplane,  the  second  derivative  of  which  is  the 
sink  effect  toward  the  ground.  Two  means  of 
physically  realizing  sue1'  a  quadrupole  distribu¬ 
tion  in  an  airplane  configuration  are  then  dis¬ 
cussed  briefly.  The  first  of  these  was  the  use  of 
conical  shapes,  such  as  delta  wings  or  cones,  with 
common  tip  pushing  the  air,  one  to  the  right 
and  the  other  one  to  the  left,  horizontally.  The 
free  space  opening  between  them  is  supposed  to 
suck  in  air  vertically.  The  pair  of  circular 
cones  were  used  in  calculations  and  experiments. 

The  criterion  was  to  find  a  zero  pressure  at  the 
Mach  cone  in  tho  vertical  direction  and  a  high 
pressure  created  by  the  yawing  pair  of  cones  in  the 
horizontal  plane.  The  theoretical  result  fur¬ 
nished  such  a  distribution,  but  the  experiment 
check  did  not  sufficiently  support  this  result. 

The  second  configuration  discussed  is  the  ring 
wing.  This  configuration  is  shown  to  be  a  step 
toward  solving  the  problem  created  by  the  relation 
ship  between  a  strong  near-field  and  a  weaker 
field  farther  out  that  alwavs  appears  as  a  stum¬ 
bling  block  when  looking  for  effects  in  the  far 
field  by  shaping  bodies  near  the  axis.  However,  the 
disturbance  waves  which  travel  toward  the  center 
of  the  ring  wing  create  a  very  complex  situation 
which  is  difficult  to  analyze. 

George  made  a  more  extensive  investigation  of  the 
use  of  quadrupole  effects  to  achieve  sonic  boom 
reductions  (see  capsule  summary  M-23).  However, 
the  present  paper  was  the  first  to  suggest  such  a 
technique. 

M-18 

BRIEF  REMARKS  ON  SONIC  BOOM  REDUCTION 

Antonio  Ferri 

NASA  SP-147,  Sonic  Boom  Research,  1967,  p.  107 

This  is  a  very  brief  comment  on  the  reduction  of 
sonic  boom  due  to  volume  and  lift  effects.  In 
connection  with  volume  effects  It  is  pointed  out 
that  those  can,  in  principle,  be  eliminated  by 
the  Busemann  biplane  criteria  generalized  to 
three-dimensional  flow.  Some  engine  cycles  can 
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*1*0  be  effective  In  re&’tuig  cne  sonic  boon  due 
to  volvs*,  especially  at  high  ,K*cb  numbers.  It  is 
stated  that  the  effect  of  lift  can  be  reduced  by 
distributing  lift  ever  a  large  area.  Multiplane 
configurations  where  the  negative  leg  of  the  St-vave 
is  used  to  reduce  the  positive  leg  of  the  S— wave 
produced  by  the  fallowing  wing  can  also,  in  prin¬ 
ciple,  reduce  tc  sonic  boos  due  to  lift. 

Ferri  expands  upon  t :ie  lift-reduction  concepts 
in  a  later  paper  ( see  capsule  sumsary  M-2L). 

M-14 

n:£  POSSIBILITIES  PCI  ISKXISC  ~-blC  i,xw  IT  LATERAL 

RfrlsrsieiTiiJN 

A.  K.  Ceorge 

:.A"A  >:?'-!  .7,  Sonic  Scot  Research.  196?.  pp.  !M3 

Ac  analysis  of  the  pussiti lit*  o:  ftiaeiag  soait 
bocr  overpressure  on  tr.e  ground  by  lateral! v 
redistributing  the  aircraft  disturbance  pressure 
field  fs  preseated  in  this  paper.  This  pressure 
redistribution  is  act crpllsbed  through  the  «*e  ef 
eultl poles,  lateral  redistribution  ef  disturbance* 
can  be  used  to  reduce  the  boo®  on  tbr  ground  be¬ 
came  dlsturbac.es  in  otber  than  vertical  planes 
travel  a  longer  distance  and  are  thus  attenuates 
®or«-  before  reaching  the  ground. 

The  multifile  ssT.it. or.*  arc  .AtainrS  Iran  a  Ism*. 
Lapla-e  * r  x'a  l rf  treatment  of  the  pert urtatic.- 
potential  equation.  The  selst ions  are  e*pres»ec 
in  tern*  of  the  Mach  nur*er.  distance  f ros  the 
bode  aais.  and  the  character istic  variable.  Seas* 
possible  near.*  of  netting  hi^n  order  aaltipaU* 
are  discussed.  These  include  a  flat  plate  viag 
f dipole > .  multiple  vi-g-  S  Ike  surface*  fqwadrspol*  . 
and  a  confiture: i=o  of  too  slender  cones  .fciced  at 
their  aones  fquadruoole).  The  pbvsical  resrrsc- 
t iocs  cn  the  ’-ultlpcle  dlstrifcutlcns  are  ther 
derived. 

Finally  •  tna  intreavs  ..a  «v*  draj  and  tb*  iacr***-. 
.r.  bcc=>  duo  to  the  ailitior.  cf  a  tyuairupslo  d.str .- 
but i ;r.  ii  discusaod-  It  ail  found,  for  example, 
that  a  17-percent  reduction  in  the  toon  due  t; 
•volume  cam.  be  obtained  at  the  evpe-.vr  of  a  '‘-per¬ 
cent  Increase  in  the  wave  drag  due  to  that  ssl-ase, 
while  complete  el  Ird-iat  ten  of  the  boor  due  to 
voluasc  vould  require  a  VO-perceet  inert-aae  In 
u*ve  drag.  It  is  concluded  that  the  usable  teer 
reduction  will  depend  upon  Sow  much  additional 
dreg  ^an  be  tolerated. 

A  later  paper  by  Cecrge  Is  verv  sixi.ar  to  the 
present  one  (see  capsule  sjemary  M*2:s).  BcweTer. 
the  later  paper  extends  the  discussion  to  Saeiad* 
a  treatment  of  the  desired  f-fuaction  nodif icaticn* 
and  phrnical  rteans  of  achieving  much  f-fissctioes 
through  quadrupo Ie  additions. 

»-2C 

BRIEF  REVIEW  OF  THE  BASIC  THE3E': 

Wallace  D.  Hayes 

NASA  SP-147,  196',  pp.  3-1 

This  paper  is  concerned,  basically,  with  reviewing 
sonic  boon  propagation  theory.  However ,  it  also 
touches  briefly  upon  scale  boon  minimization.  and 
it  is  this  portion  of  the  paper  that  is  summarized 
here.  For  a  discussion  of  the  rest  of  the  paper 
tbe  reader  is  referred  tc  capsule  suoaary  P-73. 


Ihe  basic  point  brought  out  here  is  that  the  only 
essential  inescapable  parameter  controlling  sonic 
boop  strength  is  the  total  equivalent  source 
strength,  which  is  the  sua  of  three  terns.  The 
first  tern  is  proportional  to  the  lift  tinea  the 
cosine  of  the  asim-chal  angle  measured  from  the 
direction  opposite  the  lift  vector.  The  second 
third  cerms  logether  correspond  to  the  total 
net  scarce  strength  represented  by  the  aircraft 
systes.  Slice  these  three  terms  are  generally 
all  of  the  iw  sign  below  the  aircraft,  the  total 
equivalent  source  strength  connected  with  the  sonic 
boom  can  never  be  aero.  Thus  the  sonic  boom  below 
the  aircraft  la  truly  inescapable.  The  best 
that  can  be  hoped  for  ia  that  the  boon  1*  a  mini¬ 
mum  for  given  values  of  this  parameter,  with 
limits  ca  r he  magnitude  of  the  drag. 

«*_;i 

POSSIBLE  WEANS  OF  REDUCING  SONIC  BOOMS  AND  EFFECTS 
TOR3CCH  SHOCK  DECAY  PHENOMENA  AND  SOME  COMMENTS  ON 
ALTAI.  RESPONSE 
Richard  S.  Koegler 

NASA  SP-I47,  Sonic  Boom  Research,  1967,  pp.  95-102 

Ihl*  paper  discusses  sonic  boom  minimisation  through 
conf iteration  modification.  It  is  conjectured  that 
1ST  conf lguratlons  have  such  complicated  F-funct Ions 
that  changes  co  enhance  the  decay  of  Intermediate 
shoes  wave*  between  the  front  shock  and  the  rear 
shock  are  feasible  and  eight  even  reduce  wave  drag. 

M-22 

ON  SCPERSublt  VEHICLE  SSAPTS  FOR  REKXINC  AUDITORY 
RESPONSE  TO  SONIC  WM 
Walton  L.  Kowee 
NASA  "MX- 52294,  m? 

This  japer  deals  w.t*.  tetf.  aooic  boon  snnimlmaticii 
aril  buaun  recpor.se  to  obesic  boors.  It  ie  eummar- 
„xed  in  capsule  senary  HRSC-32. 

■9-23 

RE3CCTTCS  OF  SCSIt  BiXW  U  AZDE1BAL  REDISTRIBOTIGP 
OF  0VERFRE5  STRF 
A.  R.  George 

AIAA  Paper  to.  68- '.*>9,  Presented  at  A1AA  6th  Aero¬ 
space  Sciences  Meeting,  Sew  York,  Sew  York,  Jan.  22-24, 

An  analvsia  of  the  use  of  nmltipole  distributions 
to  reduce  a  supersonic  aircraft**  sonic  boom  is 
presented  in  this  paper.  It  !•  shown  that  multi¬ 
pole  contributions  can  be  Important  even  in  the 
far  field  and  concepts  for  efficiently  exciting 
them  are  discussed.  The  wave  drag  change*  associ¬ 
ated  with  the  flow  modifications  are  also  traated. 

Whan  a  basic  configuration  and  its  P-cwrve  (see 
capsule  summary  C-3)  If  given,  the  approach  taken 
in  this  investigation  ia  co  add  a  quadrmpola  dls- 
trib  .Ion  which  la  equivalent  to  a  negative  closed 
vclose  at  a  point  directly  beneath  the  aircraft. 

This  distribution  la  located  so  that  It*  Initially 
cegatlve  F  cancels  part  of  the  given  P  forward  of 
of  t0  (value  of  t  which  maximizes 


t 

J  F(y)dy),  reducing  the  far 

o 
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I tels  at™ ,  Th#  distribution  la  *iao  designed 
#0  tUnl  il*  jiilnvi  r  lobe  occurs  far  enough 
s»as£  %**#«  u  vi  IS  bt  compensated  by  the  given 
?’*  lobs#.  The  P  curve  is  thereby 

M-dstffcl  »tt  nearly  to  the  Jooe*  minimum  boo* 
i-imi  m  t  psstUiw  delta  function  »t  *  »  0  end 
»  a*»«i *»  delta  fund  ion  at  X  -  L  (see  capsule 
i imifT  a*** I ,  wse re  t  l*  the  length  of  the  aircraft. 

Tba  «#4it t*»  *1  qu*drupele  distributions  to  a 

*s®«r«»ie  transport  design  was  then  per- 
; mpm4  to  *#c  *s  id#*  of  the  order  of  magnitude 
#f  cfcs  ffca»e#B  $0  boos  and  wave  drag  which  could 
be  in  3  prattle*!  c*»a.  For  the  flrat 

i*!  t cast  to  addins  quadmpoies,  the  boos  was 
feAjssrf  fcy  1  il  but  th*  wave  drag  Increased  by 
.*>S,  For  to#  second  attempt  the  quadrupole  dis- 
trlbotioft  w»*  sodifled  »o  as  to  reduce  the  drag 
iftcr#***.  The  resulting  boos  reduction  was  9.631, 
or. lie  to*  wave  drag  Increase  was  191. 

In  agr»e»«nt  with  the  conclusions  of  other 
approaches.  It  is  concluded  that  the  direct 
effects  of  lift  or.  the  sonic  boos  cannot  be  can¬ 
celled  (this,  assumes  no  energy  or  mass  addition 
or  subtraction).  However,  aultipoles  can  be  uaed 
to  modify  the  boo*  signature  and  overpressure  to 
some  extent.  Quadripole  distributions  are  the 
most  useful.  The  primary  problem  regaining  rela¬ 
tive  to  application  of  these  ideas  to  practical 
aircraft  Is  that  of  relating  desired  eultipole 
distributions  to  the  exact  practical  configurations 
which  will  produce  them. 

This  investigation  relied  heavily  on  the  work  of 
Jones  (see  capsule  summaries  K-fc  and  M-Ifc) .  Whale 
Junes'  weri  was  direct vd  toward  determining  the  type 
of  T-Junction  which  would  minimize  tiie  sonic  boom 
for  a  particular  configuration,  the  purpose  of  the 
present  work  was  to  determine  how  such  an  F-func- 
tion  could  be  achieved. 

This  paper  is  nearly  identical  to  an  earlier  paper 
by  George  (see  capsule  summary  M-19).  The  reader 
Is  referred  to  that  capsule  sutsnary  for  additional 
details  of  this  theory, 

M-24 

REPOP. r  OX  .SONIC  DOOM  STUDIES  CARRIED  OLT  AT  NEW  YORK 

UNIVERSITY;  ANALYSIS  OF  CONFIGURATIONS 

Antonio  Ferri  and  Ahned  Ismail 

New  York  University,  Dept,  of  Aeronautics  and 

Astronautics,  Report  No.  NYU-AA-68-14,  June  1968 

The  results  of  an  Investigation  concerning  minimi¬ 
zation  of  sonic  boom  through  aircraft  configuration 
modifications  is  presented  in  this  paper.  The 
following  assumptions  are  made  in  the  analysis: 

(a)  The  length  of  the  airplane  Is  kept  constant 
and  equal  to  300  feet.  (P)  The  weight,  altitude 
and  .Mach  number  of  flight  are  kept  constant  and 
equal  to  465,000  pounds  and  60,000  feet  and 
M  •  2.70.  (c)  The  variations  of  configurations 

must  not  affect  too  much  the  drag  at  the  requin 
lift  at  the  flight  Mach  number.  The  analysis  is 
limited  only  to  the  maximum  Mach  number  of  the 
airplane.  Therefore,  the  configurations  obtained 
are  possible  configurations  for  cruise  conditions 
and  usually  have  acceptable  transonic  qualities. 

The  main  variable  investigated  Is  the  distribu¬ 
tion  ol  lift,  it  is  shown  that  the  maximum 
overpressure  can  be  reaaced  below  tiie  far-field 
lower  bound  of  Jones  (see  capsule  summaries  M-6 
and  >1- 16)  if  configurations  are  uaed  that  utilize 


near-field  effects.  It  Is  also  shown  that  by 
introducing  an  appropriate  distribution  of  lift 
that  such  effects  can  he  emphasized. 

The  two  main  conclusions  reached  are: 

1.  Extending  the  lift  distribution  over  the 
whole  length  of  the  airplane  reduces  the 
magnitude  of  the  boom. 

2.  Carrying  more  load  at  the  front  of  the 
configuration  reduces  the  boom. 

Three  airplane  configurations,  designed  with 
the  above  results  in  mind  are  then  analyzed, 
and  the  maximum  overpressure  is  shown  to  be  of 
the  order  of  1  psf.  One  of  these  configurations 
formed  the  basis  of  a  later  experimental  investi¬ 
gation  by  Ferri,  Wang,  and  Sorensen  (see  capsuie 
summary  M-58)  whose  results  verified  that  tiie 
sonic  boom  overpressure  for  such  a  configura¬ 
tion  is  oi  the  order  of  1  psf. 

M-2S 

DESIGN  OF  BODIES  TO  PRODUCE  SPECIFIED  SONIC-BOOM 

SIGNATURES 

Raymond  L.  Barger 

NASA  TN  D-4704 ,  August  1968 

The  purpose  of  this  paper  is  to  describe  a  pro¬ 
cedure  for  designing  bodies  corresponding  to 
prescribed  pressure  signatures.  The  procedure 
is  based  upon  a  step-by-step  inversion  of  Whit- 
baa's  general  (non-asvmptotie)  method  of  calcu¬ 
lating  pressure  signatures.  The  basic  steps  are 
as  follows: 

1.  From  the  pressure  signature,  a  function 
:(x)  is  constructed  that  can  be  uniquely 
related  to  a  generating  body.  This  can  be 
done  by  constructing  equal  area  lobes  inter¬ 
sected  by  the  shocks  (see  figure  below, 
which  was  taken  from  this  report).  In  order 
to  be  physically  obtainable,  the  net  area  of 
the  signature  itself  must  be  zero,  and  the 
slope  of  j(x)  must  be  such  that  the  corre¬ 
sponding  function  F(y)  is  net  multivalued 
(hot  It  may  have  discontinuities). 

2.  Once  f(y)  has  been  constructed,  the  function 
F(y)  is  obtained  using  relationships  given 
between  y  and  \  and  between  F  and  4. 

3.  The  required  area  distribution  of  the  body 
can  then  be  determined  by  inverting  the 
well-known  equation  giving  F  in  terns  of  the 
area  distribution  (see  capsule  suimnary  G-3), 


c  *  (TM2)/(2^1,/2 
k  »  2'1/Z(T*  IIM^'W 


C'nmtwcttm  ol  $<x>  from  given  pressure  signature 
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The  results  of  *  wind  tunnel  test  ere  then  pre¬ 
sented  which  'i.,-.:'.strate  the  validity  of  using 
this  method  i«.  Pesign  bodies  having  desired  pres¬ 
sure  signatures, 

it  should  be- remembered  that  the  procedure  described 
in  this  report  is  for  the  case  of  a  uniform  atmos¬ 
phere.  The  procedure  would  have  to  be  modified 
slightly  in  order  to  account  for  the  effects  of 
a  non-uniform  atmosphere. 

M-26 

SONIC  BOOM  -  A  REVIEW  OP  THE  TECHNICAL  STATUS 

Albert  J.  Evans 

Presented  at  AIAA  5th  Annual  Meeting  and  Technical 

Display  Philadelphia,  Pennsylvania,  Oct.  22,  1968 

This  paper  presents  a  general  review  of  sonic  boom 
minimization  concepts.  7o{,  *s  discussed  include: 

<1)  configuration  effects;  ./  altitude  effects; 

( 1)  near-field  effects;  (4)  finite  rise  time  sig¬ 
natures;  and  (5)  exotic  schemes  involving  the 
use  of  electrostatic  effects  or  lasers. 

THE  FEASIBILITY  OF  LARGE  SC!IIC  DOOM  REDUCTIONS 

Adolf  Busemann 

NASA  SP-luO,  Second  Conference  on  Sonic  Boom  Research, 

1968.  pp.  125-128 

A  brief  discussion  is  presented  in  this  paper  of 
the  feasibility  of  large  sonic  boon  reductions. 

It  is  shown  that  the  severe  restrictions  on 
the  allocation  of  the  given  total  F(x)  (Whitham's 
F-function)  for  area  and  lift  are  a  combination* 
of  the  necessity  of  caking  lift  center  and  mass 
center  coincide,  but  under  the  silent  assumption 
that  wing  and  body  are  in  the  same  plane.  Such 
a  constraint  cakes  the  sonic  boom  footprint 
the  dictator  of  the  airplane  design.  It  is  then 
pointed  out  that  if  the  possibility  of  raising 
the  airplane  wing  nigh  above  the  bodv  were  allowed, 
the  mass  center  and  the  lift  center  would  still  be 
in  the  sane  vertical  line,  but  the  wing  abscissa 
and  the  body  abscissa  that  create  a  combined 
pressure  signature  are  inclined  under  the  Mach 
angle.  Thus,  disregarding  the  silent  assumption 
that  wing  and  nody  are  coplanar  makes  it  pos¬ 
sible  to  interrupt  the  fighting  between  the  body 
tip  and  the  wing,  which  are  additive  in  Fix), 
and  allow  the  wing  to  cooperate  with  the  receding 
tail  end  of  the  body  of  opposite  sign  at  the  latter 
part  of  F(x)  by  making  fast  exchanges  without 
any  pressure  creation  in  the  far  field,  .his  is 
given  as  one  example  of  an  application  of  an 
unconventional  shape  to  remove  severe  constraints. 

No  definite  conclusions  arc  reached  in  this  dis¬ 
cussion.  Its  purpose  was  merely  to  stimulate 
thought  about  the  factors  which  stand  In  tiie  way 
of  sonic  boom  reductions  so  that  it  can  be  deter¬ 
mined  whether  these  are  unescapahle  restraints  of 
physica  or  surmountable  restraints. 

M-28 

NOTES  OS  THE  SONIC  BOOM  MINIMIZATION  PROBLEM 

Harry  V.  Carlson 

NASA  SP-180,  Second  Conference  on  Sonic  Boom  Research, 

1968,  pp.  185-190 

A  review  of  the  prospects  for  sonic  boom  reduc¬ 
tion  as  of  |9f.8  are  presented  in  this  paper.  The 
basis  of  the  discussion  in  the  investigation  per¬ 
formed  by  Carlton  In  1962  (see  capsule  summary  M-7) 


concerning  far-fleld  lower  bound  overpressure*  and 
design  methods  of  approaching  this  limit. 

The  dependence  of  the  sonic  boom  intensity  on 
altitude,  Mach  number,  airplane  length,  and  air¬ 
plane  weight  in  discussed  in  a  general  way.  It  is 
concluded  that  maximization  of  the  product  of 
altitude  and  Mach  number  consistent  with  the  main¬ 
tenance  of  aerodynamic  and  propulsive  efficiency 
and  minimization  of  the  ratio  of  weight  to  length 
consistent  with  eerodynamic  efficiancy  considera¬ 
tions  will  lead  to  sonic  boom  reductions. 

Airplane  shaping  considerations  are  then  discussed 
in  conjunction  with  the  ’over  bound  overpres¬ 
sure  curve  derived  previously  by  Carlson  (see 
capsule  summary  M-7).  The  shapes  discussed  here 
ire  the  same  as  those  shown  in  the  figure  contained 
in  that  capsule  summary.  ‘It  is  pointed  out  that 
the  elimination  of  volume  effects  iy  the  employ¬ 
ment  of  concepts  related  to  the  Busemann  biplane 
may  not  always  be  advantageous,  since  volume  effects 
can  be  combined  with  lift  effects  in  a  favorable 
fashion  to  produce  lower  overpressures  than  would 
be  the  case  for  the  lift  alone. 

M-29 

REPORT  ON  SONIC  BOOM  STUDIES 
PART  I  -  ANALYSIS  OF  CONFIGURATIONS 
Antonio  rerri  and  Ahmed  Ismail 

NASA  SP-180,  Second  Conference  on  Sonic  Boom  Research, 
1968,  pp.  71-88 

This  paper  is  exactly  the  same  as  the  one  summar¬ 
ized  in  capsule  summary  M-24.  The  reader  is  refer¬ 
red  to  that  capsule  summary  fer  details  of  this 
investigation. 

M-'O 

MULTIPOLES,  WAVEFORMS,  AND  ATMOSPHERIC  EFFECTS 
A.  R.  Ceoree  and  A.  R.  Seabass 

NASA  SP-180,  Second  Conference  on  Sonic  8ooe  Research, 
1968,  pp.  1 11-14/, 

This  paper  treats  topics  in  the  areas  of  sonic  boom 
operation,  propagation,  and  minimization.  Only 
the  discussion  concerning  sonic  boom  minimization 
is  summarized  here. 

The  sonic  boom  minimization  concept  discussed 
is  that  of  redistributing  the  variation  of  an 
aircraft's  pressure  field  around  the  Mach  cone 
to  reduce  the  overpressure  directly  below  prac¬ 
tical  aircraft  configurations.  The  utility  of 
this  idea  is  based  or.  two  factors  affecting  the 
propagation  of  disturbances  in  different  azimuthal 
planes:  (i)  disturbance  in  other  than  the 
vertical  plane  will  travel  a  longer  distance 
before  Intercepting  the  ground  and  will  thus 
have  decayed  somewhat  more;  and  (2)  lateral 
cutoff  due  to  atmospheric  refraction.  It  is 
proposed  that  multlpole  effects  be  used  to  accom¬ 
pli  st:  this  pressure  redistribution.  The  dis¬ 
cussion  concerning  t he  use  of  such  multlpole 
effects  is  a  summary  of  that  presented  in  early 
papers  (see  capsule  susssaries  M-23  and  M-19).  The 
reader  is  referred  to  the  capsule  summaries  of 
thos-  papers  fo:  further  details. 

M- 11 

CURRENT  RESEARCH  IN  SONIC  BOOM 
Lynn  V.  Hunton 

NASA  SP-180,  Second  Conference  on  Sonic  Boom 
Research,  1968,  pp.  57-6t» 
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This  paper  reviews  the  sonic  boom  research  con¬ 
ducted  at  NASA  Ames  Research  Center  during  the 
year  previous  to  this  conference.  Only  the  por¬ 
tion  of  the  paper  dealing  with  boom  Minimization 
concepts  will  be  summarized  here.  The  rest  of  the 
paper  is  summarized  in  capsule  summary  C-40. 

The  boom  minimization  progias  described  here  con¬ 
sisted  of  a  wind  tunnel  study  of  wing  configura¬ 
tions  having  various  planforms,  dihedrals,  and 
cambers.  These  included  trapezoidal  planforms, 
circular  planforms,  delta  planforms,  swept  forward 
planforms,  arrow  planforms,  ogc-  planforms,  "W" 
planforms,  and  "M"  planforms,  as  shown  in  the  fig¬ 
ure  below,  which  was  taken  from  this  paper.  The 
geometric  parameters  held  constant  included: 
the  body  with  a  parabolic  arc  mass  and  a  length 
of  7  inches,  the  total  wetted  area,  the  wing  span, 
the  exposed  aspect  ratio,  and  the  wing  thickness 
consisting  of  a  double-wedge  section  with  a  maxi¬ 
mum  thickness  ratio  of  5  percent.  The  one  excep¬ 
tion  to  these  conditions  was  the  circular  wing 
which,  in  order  to  satisfy  the  wetted  area 
requirement,  bad  a  smaller  span  and  hence  a  lower 
aspect  ratio. 


Study  oinftgurjiiotti 


A  summary  of  the  preliminary  overpressure  charac¬ 
teristics  measured  for  these  various  wings  in  the 
presence  of  a  fixed  body  is  given  in  the  figure 
below,  which  was  taken  from  this  paper.  Also  shown 
is  3  table  on  the  right  which  summarizes  in  some¬ 
what  gross  terms  the  measure  of  success  with  which 
the  characteristics  of  these  wings  could  be  pre¬ 
dicted  by  theory. 


The  following  conclusions  were  recched  as  s  result 
of  these  Measurements: 

1.  A  relatively  large  spread  in  overpres¬ 
sures  was  obtained  for  this  series  of  wings 
ranging  fro*  the  unswept  trapezoidal  down 

to  the  highly  sveptback  arrow  and  the  limits 
of  this  spread  were  predicted  by  theory. 

2.  Camber  for  the  arrow  wing  was  advanta¬ 
geous  at  the  higher  lift  coefficients. 

3.  The  variation  in  lift  effectiveness  on  the 
overpressure  as  eviderced  by  the  differences 
in  the  shapes  of  the  curves  is  quite  large 
and  prelininary  estimates  of  these  effects 
were  generally  successful.  However,  some 
problems  arose  in  the  case  of  the  cambered 
arrow  wing. 

4.  Wing  dihedral  on  the  delta  configuration 
showed  a  surprisingly  large  effect  on  the 
overpressure. 

M-32 

CONFIGURATION  DESIGN  FOR  SPECIFIED  PRESSURE  SIGNA¬ 
TURE  CHARACTERISTICS 
F.  Edward  Me It an 

NASA  SP-180,  Second  Conference  on  Sonic  Boom 
Research,  1968,  pp.  37-45 

This  paper  presents  design  requirements  for  the 
plateau  pressure  signature  and  the  signature  with 
finite  rise  time.  Such  signatures  can  be  obtained 
through  the  use  of  near-field  design  concept.  It 
is  shown  that  the  plateau  signature  shape  is 
generated  by  an  effective  area  development  that 
varies  as  the  three-helves  power  of  the  distance 
along  the  axis.  Such  a  signature,  as  shown  on 
the  left  side  of  the  figure  below,  which  wss 
taken  from  this  paper,  is  characterized  by  a  con¬ 
stant  pressure  region  behind  the  bow  shock.  For 
airplane  operating  conditions  where  it  is  possible 
to  generate  this  type  cf  signature  on  the  ground, 
the  total  pressure  rise  in  the  disturbance  would 
be  somewhat  less  than  that  of  the  corresponding 
far-field  fi-vave.  A  pressure  signature  with  a 
finite  rise  time  is  illustrated  on  the  right  of 
the  figure  below.  This  signature  is  generated  by 
an  effective  area  distribution  which  vsries  as 
the  five-halves  power  of  distance  along  the  axis, 
to  about  the  midpoint  of  the  body  length.  Aft  of 
the  body  midpoint,  the  area  development  is  a  much 
more  complicated  variation  with  distance  along  the 
axis.  The  experimental  pressure  signatures, 
represented  by  the  circles,  were  measured  in  the 
flow  fields  of  bodies  of  revolution  with  the 
required  area  developments. 
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A  domestic  SST  conf iguration  was  then  designed 
so  ts  to  produce  a  plateau-type  pressure  signature. 
At  the  design  Mach  number  (M  »  1.8),  the  volume  and 
lift  elements  of  the  airplane  were  carefully  tail¬ 
ored  to  provide  a  three-halves  power  effective 
area  distribution  for  the  assisted  altitude  of 
60,000  feet  and  airplane  weight  of  338,000  pounds. 
The 'resulting  configuration  and  theoretical  pres¬ 
sure  signature  are  shown  in  the  figure  below, 
which  was  ttken  from  this  paper. 


Vie  of ptjicM  signature  in  domain-  SST  study 

In  order  to  produce  a  finite  rise  time  signature, 
it  is  shown  that  the  required  length  1?  extremely 
large.  For  example,  to  provide  a  rise  t'me  ol  10 
to  15  milliseconds  at  the  ground  for  an  airplane 
weighing  600,000  pounds,  an  effective  length  of 
approximately  1,000  feet  would  be  required.  (,:se 
of  electrostatic  effects  or  laser  beams  to  increase 
the  effective  v»ngth  of  the  airplane  are  discussed 
briefly,  but  it  is  concluded  that  the  required 
power  is  prohibitively  large. 


McLean  and  Shrout  also  discussed  the  use  of  sear- 
field  effects  to  reduce  scnic  boon  overpressure 
in  an  earlier  paper  (see  capsule  summary  M-U). 

The  airplane  configuration  discussed  in  the  present 
paper  which  produces  a  plateau  pressure  signa¬ 
ture  was  also  discussed  in  the  earlier  paper.  As 
pointed  out  in  the  capsule  suimsary  of  the  earlier 
paper,  the  development  of  near-field  boo«  Minimiza¬ 
tion  concepts  was  an  important  stimulus  to  sonic 
boos  minimization  efforts. 


M-33 

THE  APPROACH  TO  FAR-FIELD  SONIC  BOOM 
F.  K.  Moore  and  L.  F.  Henderson 
NASA  SP-180,  Second  Conference  on  Sonic  Booo 
Research,  196S,  pp.  107-115 

In  this  paper  a  series  is  derived  which  describes 
small  departures  from  an  K-wava  for  bodies  of 
smooth  and  discontinuous  slope.  The  purpose  Is  to 
restrict  attention  tc  the  approach  to  far-field 
and  thereby  obtain  a  simpler  way  to  relate  signa¬ 
ture  improvements  to  the  aircraft  configuration. 

It  Is  assumed  that  the  observed  signature  would  be 
nearly  an  N-wave  and  Whltbaa's  th.pory  is  used  to 
describe  the  first  departure  from  that  result  as 
one  moves  toward  the  body. 

Whi them's  nan-asymptotic  formula  (see  capsule 
8-vsswry  C-3)  for  the  bow  shock  overpressure  Is 
expanded  In  terms  of  a  small  parameter  (,  which 
depends  upon  the  F-functlon  of  the  body.  An  Euler 
transformation  ts  found  to  Improve  the  convergence 
of  the  series.  The  series  is  used  to  determine 


how  changes  in  the  equivalent  body  shape  can  modi¬ 
fy  the  signature  in  the  region  of  approach  to  the 
far-field. 

It  la  found  that  the  addition  of  a  compression 
ahead  of  an  expansion  corner  decreases  the  bow 
shock  overpressure,  not  everywhere  in  the  flow, 
but  ss  the  N-wsvs  is  approached.  It  is  also  found 
that  no  modification  la  possible  for  smooth  bodies 
which  will  favorably  effect  the  nearly  far- 
field  shock  strength. 

In  a  later  paper  (see  cep.tule  summary  M-55) 
Henderson  extends  the  theory  developed  here. 

M-34 

REDUCTION  OF  SONIC  BOOM  ATTRIBUTED  TO  t.JT T 

E.  L.  Realer,  Jr. 

NASA  SP-180,  Second  Conference  on  Sonic  Boom 

Research,  1968,  pp.  99-; 06 

This  paper  contains  a  oxscussioo  of  a  wing  configu¬ 
ration  which  would  eliminate  completely  the  boom 
attributed  to  lift.  This  configuration  consists 
of  a  flat  plate  at  angle  of  attack  with  another 
horizontal  flat  plate  below  it  tc  intercept  the 
downward  directed  waves  (see  figure  below).  Thus 
lift  is  produced  only  by  suction  on  the  upper  side. 
In  order  to  maintain  a  horizontal  stteaml inti,  the 
air  in  the  streaatube  between  the  plate*  meet  he 
processed  to  prevent  “pluming’*  of  the  atrsamtube 
as  it  leaves  the  duct,  which  would  cause  «  boo*. 

The  possibility  of  using  the  engines  to  accomplice 
this  processing  is  then  investigated.  It  is  found 
that  only  a  limited  area  reduction  between  the 
upper  and  lower  surfaces  of  the  wing  between  the 
front  edge  and  rear  edge  is  possible,  limiting 
the  magnitude  of  the  lift  contribution  to  the  boon 
that  could  be  offset  by  this  method. 


Two  Jmc-ntiutal  Hftmf  configuration  with  no  tonic  Stum 


In  an  earlier  paper  (see  capsule  summary  UC-i) 
Resler  showed  that  if  the  air  flow  between  the 
two  wing  surfaces  is  not  "processed"  the  wing 
will  have  nc  lift. 

H-35 

EVALUATION  OF  CERTAIN  MINIMUM  BOOM  CONCEPTS 
Harry  L.  Runyan  and  Herbert  K.  Henuerson 
NASA  SP-180,  Second  Conference  on  Sonic  Boom 
Research,  1968,  pp.  47-55 

This  paper  deals  with  two  topics.  The  first  is 
Che  development  of  three  dimensional  flow  with 
increasing  distance  from  a  tvo-dimei.sional  body 
and  Its  effect  on  two-dimensional  sonic  boos 
minimization  schemes.  The  second  is  ti.e  devel¬ 
opment  of  a  sonic  boom  efficiency  factor  so  that 
various  cuc.f Iguratlons  can  be  systematically 
compared. 
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The  three-dimensional  effect#  were  Investigated 
by  constructing  a  two-dimensional  airfoil  with  a 
stepped  bottoa  surface,  as  ehown  in  the  figure 
below,  which  was  taken  fro*  this  paper.  Calcu¬ 
lations  showed  that  such  a  model  would  produce  a 
stepped  pressure  distribution.  This  two-dimen¬ 
sional  pressure  distribution  was  u  'd  '3  an  input 
to  a-  computer  program  to  calculate  4n  pressure 
on  the  ground  through  a  standard  but  stratified 
atmosphere,  and  the  resulting  AP  was  one-fourth 
psf .  The  model  was  then  tested  in  a  wind  tunnel, 
and  the  pressure  distribution  measured  at  a  dis¬ 
tance  of  five  body  lengths  was  used  as  input  Co 
the  waste  computer  program,  resulting  in  a  ground 
pressure  of  2.5  psf.  It  is  concluded  that  this 
illustrates  the  dsnger  of  deriving  shockless  cr 
minimum  boon  configurations  based  on  two-dimen¬ 
sional  flow  fields. 
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Tile  following  sonic  boom  efficiency  factor  is  then 
proposed: 


M-36 

GENERAL  REMARKS  ON  SONIC  BOOM 

A.  R.  Scabs*# 

NASA  SP-180,  Second  Conference  on  Sonic  Boom 

Research,  1968,  pp.  175-179 

This  ia  a  brief  review  of  the  grate  of  the  art  of 
sonic  boom  minimization  as  of  153 8,  Topics  touched 
upon  are:  (1)  sonic  boom  reduction  through  im¬ 
proved  overall  airplane  efficiency,  such  aa 
improvements  in  lift-tc-drag  and  engine  thrust-to- 
weight  ratios,  as  well  as  in  structural  weight 
and  specific  fuel  consumption;  (2)  utilization 
of  interference  effects  to  eliminate  the  volume 
contribution  to  the  sonic  boom;  (3)  configuration 
modifications  approach  the  far-field  lower  bound 
for  the  overpressure;  (A)  reduction  of  sonic  boon 
due  to  lift  by  a  reduction  in  engine  stream  tube 
area;  (5)  and  the  design  of  aircraft  to  produce 
finite  riae-time  pressure  'signatures.  Only  the 
last  topic  is  discussed  in  any  depth.  It  is 
shewn  that  when  the  effects  of  non-uniform  atmos¬ 
phere  are  taken  into  account,  McLean's  results  (see 
capsule  suz&ary  M-32)  for  tho  airplane  length  re¬ 
quired  to  produce  a  finite  rise-time  signature  are 
too  pessimistic.  The  lengths  found  here  are  about 
30%  less  .for  an  airplane  altitude  of  60,000  feet 
than  those  found  by  McLean,  These  lengths  are 
still  much  too  long  fer  practical  configurations, 
however.  It  is  tentatively  concluded  that  major 
gains  in  sonic  boom  reduction  may  be  expected  in 
the  future  from  Improvements  in  the  overall  effi¬ 
ciency  of  SST-type  aircraft,  as  well  as  through 
novel  design  features,  and  that  such  gains  may  be 
sufficient  to  allow  coneercial  supersonic  flights 
over  populated  areas. 

This  discussion  gives  a  good  brief  overview  of 
the  procpects  for  significant  sonic  boom  reduc¬ 
tion  as  of  1968. 


"(f) 


where  L  -  lift 
L'  -  drag 


and 


(f) 


refers  to  the  maximum 
overpressure  on  the 
ground. 


Th«r  reasoning  behind  this  factor  is  that  factc-s 
other  than  lev  boom  must  be  considered  In  evalu¬ 
ating  a  super  r-onlc  transport  concept,  and  one  of 
the  core  Important  Is  the  lift-drag  ratio,  be¬ 
cause  the  range  ai.-l  efficiency  of  the  aircraft 
are  nighty  dependent  on  this  ratio.  This  factor 
is  then  evaluated  lor  three  different  configura¬ 
tions  having  rectangular,  delta,  and  arrow  plan- 
forms.  It  was  found  that  the  planform  having  the 
highest  efficiency  ot  those  studied  was  the  70* 
arrow  wing  of  aspect  ratio  20,  at  an  angle  of 
attack  of  1*,  which  had  a  factor  of  186,000  as 
well  as  listing  the  lowest  AP  of  0.67  psf.  The 
lowest  efficiency  factor  was  that  of  the  delta 
wing.  It  was  felt  bv  the  authors  that  the  struc¬ 
tural  aspects  of  these  configurations  should  be 
studied  and  a  more  complete  efficiency  factor 
formulated  that  would  include  structural  weight 


In  another  paper  (see  capsule  sueeary  H-51) 
Rur.yer.,  et  ul  also  investigated  the  development 
of  three-dimensional  effects  of  a  two-dimensional 
airfoil. 


H-37 

MINIMUM  SONIC  BOOM  SHOCK  STRENGTHS  AND  OVERPRESSURES 
K.  Seebass 

Sature,  Vol.  221,  No.  5181,  Feb.  15,  1969,  pp.  651-653 


This  paper  presents  formulae  that  give  the  minimum 
achievable  shock  pressure  and  the  minimus:  achiev¬ 
able  overpressure  level,  for  given  aircraft  and 
flight  conditions.  The  results  are  for  an  iso¬ 
thermal  atmosphere.  Near  field  effects  are  taken 
Into  account. 


it  is  pointed  out  that  for  any  given  aircraft 
weight,  flight  Mach  number,  and  altitude,  shock 
waves  may  be  avoided  altogether.  This  la  a  re¬ 
sult  of  near-field  effects  and  the  “freezing 
effect"  (see  capsule  summary  P-90)  of  the  atmos¬ 
phere.  The  two  equations  derived  in  this  paper 


for  the  minimus  shock  pressure  P’  and  minimum 


achievable  overpressure  level  P*  were  used  to 


develop  the  figure  below.  This  figure  shows  the 
minimus  front  shock  wave  pressure  rise  and  over¬ 
pressure  as  a  function  of  aircraft  length  for  a 
603,000  pound  aircraft  flying  at  a  Mach  number 
of  2.7  at  60,000  feet.  Also  indicated  on  the 
figure  is  the  far-field  lower  bound  of  Jones 
(see  capsule  sumeary  M-65 .  The  gains  over  the 
far-field  lower  sound  are  duo  to  near-field 
effects. 


Minimum  front  shock  pmsure  me  ft  and  overpressure  Pt^asa 
function  of  length  fur  the  following  condition y 
W*  6(H). 000 tbs:  M*2. 7.  h*6 0.000)t 

Equations  are  also  given  for  calculating  the  mini- 
nun  shock  pressure  and  overpressure  vhen  both 
the  front  and  rear  shock  pressure  rises  sre  mini- 
wired  simultaneously,  the  gains  over  the  far- 
fieJd  lover  bound  are  not  as  large  for  this  case. 

It  is  stated  that  there  seems  to  be  no  reason 
why  aircraft  cannot  be  designed  to  approach 
these  lover  bounds  without  Incurring  excessive 
performance  penalties.  However,  no  calculations 
are  made  to  substantiate  this  statement. 

H-38 

INVESTIGATION'  OF  A  CUSS  OF  BODIES  THAT  GENERATES 
FAR-FIELD  SONIC  BOOM  SHOCK  STRENGTH  AND  IMPULSE 
INDEPENDENT  OF  BODY  LENGTH  AND  VOLUME 
Raymond  L.  Barger  and  Frank  L.  Jordan,  Jr. 

NASA  TND-5148,  May  1969 

A  study  of  a  design  method  which  provides  a  means 
of  continually  increasing  the  volume  of  a  body 
without  increasing  the  maximum  impulse  or  over¬ 
pressure  is  presented  in  this  report.  The  method 
is  based  upon  designing  the  body  no  t hat  its  pres¬ 
sure  signature  has  a  region  of  zero  overpressure 
between  the  positive  portion  of  the  signature  and 
Che  negative  portion  of  the  signature,  as  shown 
in  the  figure  below. 


signatures  having  the  following  properties.  The 
signatures  generated  by  models  B  and  C  were  to 
have  the  same  magnitudes  of  maximum  overpressure 
and  Impulse  in  their  initial  positive  sections 
as  the  signature  generated  by  model  A.  Further, 
the  signature  generated  by  model  A  was  to  have  no 
region  of  zero  overpressure  between  the  initial 
positive  and  succeeding  negative  lobes,  whereas 
the  signatures  generated  by  model  B  and  model  C 
were  to  have  progressively  longer  regions  of  zero 
overpressure. 

Calculated  and  wind-tunnel-measured  signatures 
for  each  of  the  three  bodies  at  distances  of  38  cm 
and  84  cm  showed  the  following:  (1)  the  calcu¬ 
lated  and  experimental  signatures  were  in  reason¬ 
able  good  agreement;  (2)  at  the  38-cm  station 
(iu  terms  of  body  lengths  this  distance  repre¬ 
sents  7.5,  3,  and  1.88  lengths,  respectively)  the 
bow  shock  overpressures  were  within  7  percent  of 
their  average  yalue,  whereas  at  che  94-cm  station 
(this  represent!  18.5,  7.4,  and  4.63  body  lengths, 
respectively)  they  were  within  4  percent  of  the 
average;  and  (3)  the  values  of  the  impulse  of  the 
front  portion  of  the  shock  were  within  5  percent 
of  their  average  value  at  the  38-cm  station  and 
within  4  percent  of  the  average  at  the  94-cm 
station. 

It  is  concluded  that  it  is  possible  to  modify  the 
shape  of  a  body  that  produces  acceptable  far- 
field  sonic  boom  characteristics  so  as  to  increase 
the  volume  of  the  body  significantly  without 
Increasing  the  fxr-fleld  overpressure  or  impulse. 

In  a  paper  by  Howell,  Sigalla,  and  JCane  (see 
capsule  summary  M-39)  it  was  shown  that  increased 
volume  could  be  used  to  offset  some  of  the  sonic 
boom  due  to  lift.  It  was  also  shown  that  this 
resulted  in  ar.  excessive  drag  i:icrease.  Since, 
for  most  flight  conditions,  the  sonic  boom  of  a 
typical  SST  configuration  is  lift-dominated,  the 
findings  of  the  present  paper  concerning  volume 
effects  are  of  limited  utility. 

M-39 

SONIC  SOOM  CONSIDERATIONS  IN  AIRCRAFT  DESIGN 

Clarence  S.  Howell,  Araand  Sigalia,  and  Edward  J.  Kane 

AGARD  Conference  Proceedings  No.  42,  Aircraft  Engine 

Noise  and  Sonic  Boom,  May  1969,  pp,  30-1  thru  30-7 

The  purpose  of  this  paper  Is  to  assess  the  known 
aerodynamic  design  methods  for  minimizing  and 
modifying  a  sonic  boom  signature.  The  corre¬ 
sponding  effects  on  aerodynamic  efficiency  (lift- 
drag  ratio)  are  shown  ro  illustrate  the  resulting 
performance  compromise,  Mach  number,  altitude, 
and  gross  weight  representative  of  a  targe  super¬ 
sonic  commercial  or  military  airplane  during  climb 
and  acceleration  are  used  for  comparative  purposes. 


Modijkil  M-tum  uputure 

In  an  eatlier  paper  (see  capsule  summary  M-25) 
Barger  derived  a  procedure  for  deriving  the  shape 
of  a  body  that  will  produce  such  a  signature. 

This  procedure  was  used  in  the  present  study  in 
conjunction  with  the  design  of  three  models.  The 
ratios  of  the  lengths  of  models  B  and  C  to  model  A 
were  2.5  and  4,  respectively.  The  ratios  of  the 
volumes  of  models  B  and  C  to  that  of  model  A  are 
7.6  and  16.6,  respectively.  The  shape*  for  the 
three  models  were  designed  to  produce  pressure 


It  is  shown  that  nozzle  area,  thrust  vectoring, 
wing  camber  and  twist,  and  forebody  lift  can, 
through  proper  design,  have  a  beneficial  effect 
on  the  sonic  boos.  These  effects  are  vers  small, 
however.  It  is  also  shown  that  significant  reduc¬ 
tions  in  the  sonic  boos  Intensity  can  be  achieved 
by  stretching  the  wing  length  and  volume  end 
by  locating  the  engines  as  far  aft  as  possible. 
These  last  two  findings  are  illustrated  In  the 
figures  below,  along  with  rn*  effect  that  such 
modifications  hsve  on  the  airplane  drag.  From  the 
first  figure  it  can  be  seen  that  both  reduced 
sonic  boom  and  increased  superso t*c  aerodynamic 
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efficiency  favor  very  slender  planforas ,  in  prac¬ 
tice,  slenderness  is  limited  by  structural  weight 
and  other  design  considerations.  The  second  figure 
shows  that  if  the  engines  are  far  enough  aft,  their 
shock  wave  is  prevented  from  reinforcing  that  of 
the  wing  leading  edge  and  that  of  the  body.  It  is 
pointed  out,  however,  that  practical  considerations 
suggest  that  the  cost  rearward  position  of  the 
engines  be  dictated  by  drag  and  structural  feasi¬ 
bility  rather  than  bv  sonic  boos. 
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This  paper  is  a  condensed  version  of  an  earlier 
report.  The  reader  is  referred  to  capsule  sum¬ 
mary  M-24  for  details. 

H-41 

LOWER  BOUNDS  FOR  SONIC  BOOMS  IS  THE  MIDFIELD 

A.  R.  George 

A1AA  Journal,  VoJ .  7,  No.  8,  August  1969,  r,p.  1542- 

1545 

This  paper  presents  lower  bounds  for  scnic  boocs 
based  on  minisizing  either  the  overpressure  or 
the  shock  strength  of  the  positive  part  of  the 
signature.  The  results  are  not  restricted  lo  the 
limit  of  large  distance  from  the  aircraft.  They 
reduce  to  the  Jones  lower  bound  Infinitely  far 
from  the  aircraft  In  a  uniform  atmosphere,  but 
they  give  reductions  from  the  Jones  lower  bound 
of  the  order  of  501  for  planned  supersonic  trans¬ 
port  conditions.  This  is  because  the  asymptotic 
results  of  Jones  are  approached  very  slowly  (as 
r-l/4)  in  a  uniform  atmosphere  and  are  never 
reached  in  the  real  atmosphere. 

The  analysis  was  fccuaed  upon  lift,  since  in  most 
cases  total  lift  is  the  limiting  factor.  The  mini¬ 
mization  procedure  starts  with  the  F-=«rve  (see 
capsule  summary  C-3)  for  the  Jonea  far-field 
lower  bound  (see  capsule  summary  M-S) .  This  F- 
curve  has  the  form  of  a  delta  function  it  y  »  0, 
(where  y  is  distance  from  the  nose  of  the  airplane) 
Illustrated  approximately  by  the  dashed  line  of  the 
figure  below.  The  tilted  curve  has  been  advanced 
to  account  for  nonlinear  effects  (see  capsule  sum¬ 
mary  P-92).  The  additional  area  AEyo0  can  be 
added  to  the  original  delta  function  without  addi¬ 
tional  overpressure  (see  capsule  summary  G-3  for 
an  explanation  of  the  technique  for  locating  shocks 
in  a  multivalued  signature),  since  the  triangular 
area  AOB  balances  essentially  the  whole  positive 
area 


t-.ffa  I  of  engine  Imaiim 

The  use  of  increased  body  volume  to  decrease  sonic 
boom  intensity  through  interference  effects  Is 
shown  to  result  In  excessive  drag  increases.  How¬ 
ever,  fuselage  "area  ruling"  can  sake  a  consider¬ 
able  reduction  In  drag  without  aggravating  rhe 
sonic  boos. 

The  effect  of  the  "phantom"  forebody,  where  the 
airplane  is  virtually  lengthened  through  electro- 
staple  fields  or  other  electrical  and  magnetic 
phenomena.  Is  shown  to  be  negligible  despite  an 
enormous  electrical  power  consumption.  It  is  also 
shown  that,  in  order  for  the  pressure  signature  to 
have  a  finite  rise  time,  very  large  airplane 
lengths  are  required. 

The  coverage  In  this  paper  of  the  effects  of  con¬ 
figuration  variables  on  sonic  boom  intensity  is 
broader  than  that  of  any  previous  paper, 

M-40 

EFFECTS  OF  LENGTHWISE  LIFT  DISTRIBUTION  ON  SONIC  BOOM 

OF  SST  CONFIGURATIONS 

Antonio  Ferri  and  Ahmed  Ismail 

AIAA  Journal,  Vo).  7,  No.  8,  August  1969, 

pp.  1538-1341 


J  F(y)dy. 


As  Jones  has  shown  (see  capsule  summary  M-c) ,  the 
lift  or  volume  is  given  by  integrals  of  the  posi¬ 
tive  part  of  F  multiplied  by  a  positive  weighting 
function.  Thus  for  a  given  lift  or  volume,  the 
additional  area  AEyo0  allows  reduction  of  the  area 
in  the  delta  function  and  a  resulting  reduction 
in  the  shock  strength  AB.  In  the  licit  in  a  uni¬ 
form  atmosphere  the  additional  area  is  negligible 
compared  to  that  in  tne  delta  function  and  the 
result  reduces  to  that  of  Jones. 
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An  additional  area  is  then  added  to  the  F-curve 
in  order  to  give  the  pressure  curve  a  finite  rise 
time.  This  addition  also  results  In  a  reduction 


. . . 


of  the  area  in  the  delta  junction.  Thus  the 
total  F  is  given  iv  F  *  r;  +  F-,  for  the  overpres¬ 
sure  minimum  and  by  F  *  r.  *  Fy  *■  F-j  for  the  shock 
Strength  lover  bound,  where  F^?-.)  «  Kd(n),  Fifn)  *  C, 
and  Fj<n)  «  Dr,,  where  4(r.)  Is  the  Dirac  delta  func- 
tim  and  K,  C,  and  D  are  constants  chosen  so  that 
the  advanced  wave  will  be  the  opt  Issue  and  produce 
Che  required  lift-  It  is  shown  that  C  must  be  cho¬ 
sen  so  that  the  overpressure  ip  due  to  Ft  will 
Just  equal  the  shock  strength  AP.  liquations  are 
then  derived  for  all  three  constants. 


bound  was  what  was  wanted.  In  the  present  paper 
the  problem  of  dstemining  the  minimum  value 
of  d?  for-  the  bow  shock  becoae#  the  probles  of 
determining  the  sinisus  value  of  F(ys)  subject 
to  constraints  on  the  F-function  involving  weight, 
volume,  base  area,  etc.  Here  yB  is  determined, 
as  shown  in  the  first  figure  below,  using  Whit- 
haa's  "area  balancing"  technique  (see  capsule  sun¬ 
nary  C-3).  The  resulting  F-function  for  the  lover 
bound  values  of  the  pressure  jump  of  the  hov  shock 
Is  shown  in  the  second  figure  below. 


Some  numerical  esosplcs  are  considered  which  show 
that  the  shock  strength  and  lower  bounas  of  the 
present  paper  are  significantly  lower  than  these 
obtained  by  Jones  and  Ferri  (see  capsule  summary 
M-24).  However,  the  Jones  far-fiel-J  optimum  still 
gives  the  minimus  positive  impulse  for  all  alti¬ 
tudes.  The  present  results  give  impulses  typ¬ 
ically  i0-502  higher  than  those  of  Jones. 

This  analysis  treats  only  the  front  half  or  the 
wave.  Although  the  rear  shock  and  negative 
overpressure  of  a  lifting  configuration  are 
usually  less  than  the  corresponding  values  for 
the  front  of  the  wave,  the  present  analysis’ 
largo  reduction  in  the  front  means  that  the  tali 
wave  will  have  to  be  modified  to  reduce  Its 
strength  to  a  level  comparable  tc  that  of  the 
front  wave.  The  authors  conclude  that  this  will 
reduce  the  -■£ iective  length  available  for  i  rent 
wave  minimization. 

It  is  pointed  out  by  the  authors  that  these  mini¬ 
mus*  must  be  interpreted  as  ideal lzat Ions,  which 
can  only  be  approached  by  real  aircraft  designs, 
liowevr,  the  required  curves  arc  less  singular 
than  tn«  Jones  results  and  thus  can  undoubtedly 
fce  sore  closely  encroached  for  giver,  drag  and 
configures  ion  limitations. 
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LOWER  BOUNDS  FOR  THE  PPtSSLRr  JCKF  OF  THE  SOW  SHOCK 

OF  A  SUPERSONIC  TRANTPO,  T 

L.  B.  Jones 

The  Aeronautical  Cuarterly,  Vcl.  XXI,  February  1970, 

??•  1-1? 

A  preliminary  study'  Is  presented  in  this  paper  of 
the  effect  of  minimising  the  pressure  jump  across 
the  shock  waves  of  a  body,  as  evaluated  using 
Whitham’s  non-asyastot.c  ,  omul  a  (see  capsule 
sugary  C-3).  The  sho***  waves  of  a  slender  air¬ 
craft  are  considered  at  a  great  distance  from  the 
aircraft  so  that  ail  the  « hocks  have  coalesced 
into  either  the  fc-sw-  or  rear  shocks,  out  not  at 
Such  a  great  distance  ; asymptotic)  that  the  two 
shocks  are  of  equal  strength,  tower  bounds  are 
determined  for  the  pressure  jump  across  the  bow- 
shock  subject  to  various  aircraft  constraints,  and 
the  pressure  jumps  across  hot.-,  the  bov  and  rear 
shocks  arc  determined  at  off-desigr.  conditions. 

The  method  used  here  is  very  similar  to  that  used 
by  Janes  in  an  earlier  paper  (see  capsule  sum¬ 
mary  S-16).  However,  in  the  previous  paper  the 
problem  involved  finding  the  ainiss.-  of 
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y  F(o>C- 


given  certain  constraints  on 


F(n)  (F(n>  is  the  ah it  ham  F-function  defined 
in  capsule  summary  C-l),  since  the  asymptotic  lower 
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h'-funm  m  ti  r  the  1  >wv  b>  nsui  rshtei  of  she  presort  tunpnf  the 
bow  ante* 


After  determining  the  ratio  of  the  nor.-asyaptotic 
lower  bound  bow  shock  to  the  asymptotic  bev  shock 
lower  bound  for  various  design  conditions,  the 
pressure  jump  across  the  bov  and  rear  shocks 
3t  off  design  conditions  is  determined.  The 
results  shew  that  it  is  necessary  tc  choose  the 
design  rase  with  some  care.  In  some  coses  a  mini¬ 
mum  value  of  the  pressure  jump  across  ch*>  bow- 
shock  at  the  design  condition  can  lead  to  high 
values  of  the  pressure  jump  across  the  rear  shock 
and  for  the  bow  shock  at  off-de«igp  conditions. 

In  other  cases,  designing  for  a  sininuc  value  at 
a  particular  design  condition  can  lead  to  low- 
values  for  the  pressure  jump  acioss  both  bow-  and 
rear  shocks  over  the  whole  supersonic  flight  path. 

Ceorge  (see  capsule  si^sary  H-*l>  Base  a 
similar  investigation  into  ’he  ner.asysptotlc  lower 
bounds  for  the  bov  shock  strength.  He  obtained 
an  optimum  form  fo.-  the  F-function  very  similar 
to  the  one  found  in  the  present  paper. 
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LOVER  SOUNDS  FOR  SONIC  hC 
OVERPRESSURE  REGION 
•James  S.  Petty 
Journal  of  Aircraft,  Vol. 
?p.  T7S-37? 
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July-August  1970, 


This  paper  presents  an  Investigation  of  the  lower 
bounds  for  sonic  boot  overpressure  considering 
both  the  positive  and  negative  overpressure 
region*.  Whltham’s  general  (nonssymptoc ic)  theory 
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(see  capsule  summary  G-3)  is  used  to  derive  the 
F-function  which  given  the  lower  bound  peak  posi¬ 
tive  overpressure  subject  to  the  requirement  that 
the  magnitude  of  the  rear  shock  wave  must  not  be 
greater  than  the  front  shock  intensity.  The 
strength  of  the  aft  shock  is  determined  by  assum¬ 
ing  that  for  where  x  is  the  distance  along 

body  axis  from  nose  and  l  is  the  body  length, 
the  equivalent  area  distribution  A£(x)  “  Ae  (z)i 
Ae  g.  The  resulting  F-function  is  such  that  the 
positive  area  under  F(y)  is  concentrated  near 
y  «  0  and  the  negative  area  near  y  -  £.. 

Using  the  relations  derived  for  the  rear  shock 
from  Whitham's  general  theory,  together  with  the 
expression  for  the  F-function,  the  relation 
between  a  nondimensionalized  expression.  An, 
related  to  the  peak  overpressure  and  a  nondimen- 
sional/zed  expression,  Ob,  related  to  Ae  w  is 
der  ,ed.  The  figure  below,  which  was  taken 
from  this  paper,  shows  the  nondimenslonal  peak 
overpressure  magnitude  An  for  the  present  lower 
bound  solution.  Also  shown  Is  the  asymptotic 
1  over  bound  solution  of  Jones  (see  capsule 
summary  M— 16)  and  the  solution  for  the  lower 
bound  peak  overpressure  (not  considering  negative 
overpressure  region;.  For  the  latter  case,  the 
peak  negative  overpressure  magnitude  lr  also  shown, 
and  can  be  seen  to  be  much  higher  than  the  positive 
overpressure.  The  figure  shows  that  consideration 
of  both  pOf.<tive  and  negative  overpressures  results 
in  a  large  decrease  in  peak  negative  overpressure 
magnitude  wl.h  a  relatively  small  penalty  in  peak 
positive  overpressure. 


Peak  overpressure  magnitudes  jrnm  several  tower  bound  analyses 


In  earlier  papers  George  (see  capsule  summary  rf-41) 
and  Jones  (see  capsule  summary  M-42-  investigated 
the  lower  bound  of  positive  overpressure  in  the 
mid-field,  hut  no  constraints  were  put  on  the  rear 
shock  overpressure.  The  present  paper  was  the 
first  to  consider  both  the  positive  and  negative 
overpressure  regions. 
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PRACTICAL  ASPECTS  OF  SONIC  BOOM  PROBLEMS 
^rwonio  Ferri  and  l.u  Ting 

I  CAS  ’’aper  No.  70-21,  The  Seventh  Congress  of  the 
International  Council  of  the  Aeronautical  Sciences, 
Consigiio  N'azionale  Dello  RIcerche,  Roma,  Italy, 
September  14-18,  1970 


.n  this  paper  SST  configurations  selected  from 
the  point  cf  minimizing  sonic  booms  are  investi¬ 
gated.  The  narameters  Investigated  here  are 
weight  of  the  airplane  configuration,  length, 
Mach  number,  and  altitude  of  flight.  Details 
of  the  signature  are  related  directly  to  the 
airplane  configuration.  The  results  were 
derived  using  two  ulfferer.t  numerical  programs: 
II)  that  of  Carlson  (see  capsule  summary  G-23) ; 
and  (2)  that  of  Hayes  (see  capsule  summary  P-96). 


The  results  of  the  analysis  indicate  the  fol low¬ 
ing: 

1.  A  minimum  concentration  of  equivalent  troaa 
sectional  area  Is  required  in  the  front  por¬ 
tion  of  the  configuration  in  order  to  obtain 
near-field  effects.  Such  a  minimum  depends 
on  tlie  Mach  number  and  altitude  of  flight. 
However,  the  details  of  such  a  distributin'1 
are  not  too  i  ant  provided  that  the 
distribution  1  jt  too  different  from  the 
optimum  shape. 

2.  An  increase  of  length  permits  decreasing 
somewhat  the  APmax  and  permits  (saving  a 
slender  fuselage. 

3.  The  equired  length  of  the  airplane  can  be 
exchanged  with  the  height  of  the  liftlne 
surfaces  of  the  airplane.  This  possibility 
suggests  that  a  biplane  having  wings  that  ds> 
not  interfere  at  supersonic  speeds,  ana  do 
not  choke  at  transonic  speeds,  has  some  good 
possibilities  from  the  point  of  view  of 
reducing  sonic  boom.  It  is  possible  to 
reduce  the  jump  in  AP  due  to  the  sonic  boom 
for  an  airplane  460,000  pounds  flying  at 
60,000  feet  and  M  =  2.7  to  values  of  the 
order  of  0.5  to  0.6. 

4.  Values  as  low  as  0.4  to  0.3  psf  for  the  how 
shock  overpressure  are  possible  using  a 
biplane  configuration  when  the  weight  is 
reduced  to  320,000  pounds  for  cross-country 
operations.  The  proposed  configuration  and 
its  pressure  signature  are  shown  in  the 
figures  below. 


Ihi/n  'sed  configuration 
a— 


Prei.ure  signature  of  biplane  configuration  with  a  length 
of  300  ft.  height  of  45  ft 


14# 


It  can  be  seen  from  the  second  figure  that  the 
trailing  shock  does  not  decrease  in  the  same  pro¬ 
portion  as  the  front  shock.  However,  the  overpres¬ 
sure  of  the  rear  shock  is  still  less  than  0.6  psf. 

Th.s  paper  presents  only  a  brief  analysis  of  the 
effects  of  the  proposed  configuration  modifica¬ 
tions  on  aircraft  performance. 
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APPLICATION  OF  MULTIVARIABLE  SEARCH  TECHNIQUES  TO 
THE  DESIGN  OF  LOW  SONIC  BOOM  OVERPRESSURE  BODY 
SHAPES 

D.  S.  Hague  and  R.  T.  Jones 
NASA  CR-73496  vember  1970 

In  this  r-  a  variety  of  sonic  boom  minimiza¬ 
tion  prob.  are  investigated  by  multivariable 

search  tech.  iques.  The  general  nonlinear  multi- 
variable  optimization  problem  is  concerned  with 
the  maximization  or  minimization  of  a  payoff  or 
performance  function  of  the  form 

:  -  tfcO,  i  -  1,2,  .  .  .  N 

subject  to  an  array  of  constraints 

Cj  «  C^a.)  =  o,  J-1,2 . P 

The  are  the  independent  variables  whose  values 
are  to  be  determined  so  as  to  maximize  or  mini¬ 
mize  ;  subject  to  the  constraints. 

The  most  elementary  problems  studied  are  those 
involving  a  single  power  arc.  Single  power  body 
shapes  are  defined  as  those  body  shapes  described 
by  a  radius  distribution  r(x)  of  the  form 
r(x)  «  cxK.  In  these  problems  geometric  con¬ 
straints  ere  applied  to  reduce  the  optimization 
to  one  Involving  a  single  parameter.  The  problem 
simplicity  permits  the  construction  of  charts 
illustrating  the  variation  of  sonic  boom  over¬ 
pressure  over  a  wide  range  of  Mach  numbers  and 
distances  from  the  body  axes.  The  charts  and 
optimization  studies  reveal  that  close  to  the  body 
a  three-quarter  power  shape  will  provide  the 
lowest  overpressure.  Deviations  from  this  expo¬ 
nent  result  in  rapid  Increase  in  overpressure, 
as  shown  in  the  figure  below,  which  was  taken 
from  this  papet  As  distance  from  the  body  axis 
increases,  an  ur.S'.as  J  tive  extremal  shape  appears 
at  gradually  decreasing  values  of  the  power  body 
exponent.  With  this  class  of  bodies  an  Increase 
in  Mach  number,  base  radius,  or  volume  all  tend 
to  drive  the  solution  toward  the  more  sensitive 
higher  oower-arc  solution. 


£*pon«n| 


Variation  «/  maximum  merpmsurc  »  ith  power  body  exponent 
with  radius  and  length  constrained 


Next  in  order  of  complexity  above  the  single¬ 
power  arc  solutions  are  those  involving  two-power 
arcs  with  a  slope  discontinuity  at  the  junction 
between  the  twe  arcs.  In  general,  the  two-arc 
solutions  obtained  fail  to  produce  a  miniraum- 
maximum  overpressure  significantly  below  that 
of  the  single-power  arc  body  subject  to  the 
same  physical  conditions  and  geometric  constraints. 
The  total  impulse  of  the  pressure  signature  is 
well  below  that  of  the  corresponding  single- 
power  solution,  however. 

The  problems  next  in  order  of  complexity  dealt 
with  are  the  three-power  arc  bodies  involving 
seven  free  parameters.  Body  shapes  of  this  type 
produce  a  significant  reduction  in  minimum-maxi¬ 
mum  overpressure  when  compared  to  the  correspond¬ 
ing  single-arc  solution.  In  all  cases  considered 
the  overpressure  is  reduced  by  approximately  one- 
third.  The  optimal  uhree-arc  body  is  shown  in 
the  figure  below.  The  lower  overpressure  is 
obtained  by  the  device  of  a  conventional  forebody 
of  reduced  base  area  followed  by  a  notch  creating 
strong  self-cancelling  positive  and  negative  pres¬ 
sure  waves.  The  notch  walls  are  ideally  sonic; 
however,  it  is  shown  that  a  moderate  reduction  'n 
slope  is  possible  without  significant  increase  in 
overpressure.  The  notch  ideally  occupies  a  small 
portion  of  the  body  length.  Again,  It  is  shown 
that  the  notch  width  ran  be  increased  for  a 
small  Increase  in  overpressure.  When  the  body 
shape  is  viewed  as  an  equivalent  body  of  revolu¬ 
tion,  it  is  shown  that  the  first  two  arcs  would 
physically  represent  body  volume,  and  the  third 
arc  would  physically  represent  wing  lift.  Such  a 
configuration  would  imply  a  relatively  unswept 
canard  configuration. 


0  1.0  2.0  3.0  4.0  5.0  5.0  7.0  5,0  5.0  10.0 

Body  Coord  in  tt* 


Oplmial  three-arc  hod)' 

The  most  general  otplmization  problem  considered 
In  the  investigation  is  that  of  shaping  an  arbi¬ 
tral-;'  body  of  revolution.  While  the  resulting 
shapes  possess  low  sonic  boom  overpressure,  their 
irregularity  appear  to  prohibit  their  use  in  an 
aircraft  configuration  unless  the  low  boom  property 
can  be  maintained  while  imposing  same  reasonable 
smoothness  criteria.  This  was  not  achieved  within 
this  study. 
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ON  SHOCK  IMPEDANCE 

L.  F,  Henderson 

J.  Fluid  Mech.,  Vol .  AO,  Part  4,  1970,  pp.  719-735 
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An  expression  for  shock  impedance  is  derived  in 
this  paper  and  is  subjected  to  a  fairly  searching 
study.  The  portion  of  the  paper  dealing  with 
sonic  booms  concerns  the  use  of  Impedance  mis¬ 
match  to  reduce  the  sonic  boom  overpressure.  It  is 
suggested  that  one  way  this  might  be  done  is  to 
make  use  of  the  impedance  of  the  propelling  jets. 

It  would  be  necessary  to  place  the  engines  under¬ 
neath  the  aircraft  in  such  a  way  that  the  jets 
intercept  as  much  of  ti.e  signature  as  possible. 

Then  with  the  Jet  Mach  number  MJ-*1,  and  with  the 
jets  made  as  hot  as  possible,  say  by  the  use  of 
afterburners,  the  condition  may  be  reached  where 
the  signature  waves  reflect  off  the  top  edges  of 
the  jets  instead  of  refracting  through  them. 

Inside  the  jets,  precursor  and  postcursor  waves 
will  exist,  and  the  Jets  act  as  a  kind  of  wave¬ 
guide  for  these  unsteady  waves.  These  waves  will 
themselves  make  disturbances  at  the  bottom 
edges  of  the  jets  and  this  in  turn  will  cause 
waves  to  be  propagated  towards  the  ground.  If 
such  a  wave  system  were  able  to  propagate  far 
enough  it  would  eventually  organize  itself  into 
a  somewhat  unsteady  N-wave.  It  is  concluded  that 
the  ultimate  effect  of  the  impedance  mismatch  is 
to  cause  the  aircraft  to  appear  longer  in  the 
far-fleld,  so  the  overpressure  is  reduced  by 
forcing  the  signature  to  be  more  spread  out. 

The  concept  discussed  here  was  treated  very 
briefly.  In  order  to  evaluate  its  feasibility 
a  much  more  thorough  analysis  would  have  to  be 
made. 
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SOME  NOTES  ON  THE  PRESENT  STATUS  OF  SONIC  BOOM  PRE¬ 
DICTION  AND  MINIMIZATION  RESEARCH 
Harry  W.  Carlson 

NASA  SP-255,  Third  Conference  on  Sonic  Boom 
Research,  1970,  pp.  395-399 

A  brief,  general  discussion  of  minimization, 
propagation,  and  generation  concepts  is  presented 
in  this  paper.  Oplv  the  minimization  concepts 
discussed  w  . 1  be  summarized  here. 

The  main  Idea  stressed  is  that  the  problem  of 
sonic  boom  minimization  through  airplane  shaping 
Is  Inseparable  from  the  problems  of  optimiza¬ 
tion  of  aerodynamic  efficiency,  propulsion  effi¬ 
ciency,  and  structural  weight.  Substantial  improve¬ 
ment  in  any  of  these  factors  would  have  a  direct 
beneficial  influence  on  sonic  boom  minimization. 
Airplane  shaping  based  on  sonic  boom  considera¬ 
tions  alone,  however,  does  rot  necessarily 
bring  about  improvement  in  the  other  factors. 

It  is  also  pointed  out  that  there  is  a  need 
for  improved  understanding  of  hypersonic  boom 
phenomena  and  a  need  for  the  development  of  pre¬ 
diction  and  minimization  techniques  in  this  speed 
range. 
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APPLICATION  OF  MULTIVARIABLE  SEARCH  TECHNIQUES  TO 
THE  DESIGN  OF  LOW  SONIC  BOOM  OVERPRESSURE  BODY  SHAPES 
I).  S.  Hague  and  R.  T.  Jones 

NASA  SP-255,  Third  Conference  on  Sonic  Boom  Research, 
1970,  pp.  307-323 

This  is  a  condensed  version  of  NASA  CR-73496  (see 
capsule  summary  H-45).  The  reader  is  referred  to 
the  capsule  summary  of  that  report  for  details  of 
this  work. 
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THEORETICAL  PROBLEMS  RELATED  TO  SONIC  BOOM 
W.  D.  Hayes,  J.  H.  Gardner,  D.  A.  Caughey,  and 
F.  B.  Weiskopf,  Jr. 

NASA  SP-255,  Third  Conference  on  Sonic  Boom  Research, 
Oct.  29-30,  1970,  pp.  27-31 

This  paper  is  a  brief  report  of  research  that  was 
in  progress  at  Princeton  University  on  problems  of 
wave  propagation  and  sonic  boom  at  the  time  this 
conference  was  held.  Most  of  this  research  dealt 
with  sonic  boom  propagation.  However,  a  discussion 
of  bangless  boom  optimums  is  also  presented, 
and  it  is  this  portion  of  the  paper  that  is  sum¬ 
marized  here.  For  a  discussion  of  the  other  topics 
covered  in  this  paper,  the  reader  is  referred  to 
capsule  summary  P-140. 

The  problem  considered  is 'this:  For  an  aircraft 
of  specified  effective  length  at  a  high  altitude, 
determine  the  maximum  gross  weight  that  causes 
no  (or  rather  an  incipient)  shock  wave  on  the 
ground.  This  is  done  by  relating  the  weight  of 
Che  airplane,  the  F~function,  and  the  age  variable, 
since  for  no  shock  to  appear  in  the  final  signa¬ 
ture,  the  maximum  slope  of  the  F-£unction  must  be 
less  than  the  inverse  of  the  corresponding  age 
variable. 

Simplifying  assumptions  are  used  to  obtain  an  equa¬ 
tion  giving  the  maximum  permissible  gross  weight 
of  the  aircraft.  It  is  assumed  that  the  aircraft 
is  in  uniform  level  flight  at  a  high  altitude,  and 
the  ray  immediately  beneath  the  aircraft  is  con¬ 
sidered.  The  appropriate  age  is  that  corresponding 
to  an  altitude  difference  of  n/2  times  the  scale 
height  a^/yg  at  the  aircraft  altitude.  The  two 
principal  implications  of  the  resulting  equation 
are:  (1)  The  aircraft  must  not  fly  too  high;  the 
results  for  30,000  feet  appear  reasonable  and 
attainable,  while  those  roc  60,000  feet  are  out 
of  reasonable  range;  (2)  The  aircraft  effective 
length  must,  by  careful  design,  be  made  as  large 
as  possible.  If  the  aircraft  is  to  fly  at  a 
high  Mach  number,  there  must  be  a  vertical  distri¬ 
bution  of  aerodynamic  components,  with  some  com¬ 
ponents  located  low  and  forward  and  others  high 
and  aft. 

McLean  (see  capsule  summary  M-32)  also  Investigated 
airplane  configurations  which  would  produce  finite 
rise  time  pressure  signatures.  He  also  reached 
the  conclusion  that  extremely  large  lengths  would 
be  required. 

Hayes  and  Weiskopf  present  a  much  more  extensive 
discussion  of  bangiess  sonic  boom  optimums  in  the 
paper  summarized  in  capsule  summary  M-60. 
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COMMENTS  ON  LOW  SONIC  BOOM  CONFIGURATION  RESEARCH 
Lynn  W.  Hunt  on 

NASA  SP-255,  Third  Conference  on  Sonic  Boom  Research, 
1970,  pp.  915-419 

A  Brief  comment  on  basic  design  problems  encoun¬ 
tered  in  transforming  an  optimum  area  distribution 
for  low  boom  Into  an  equivalent  lifting  airplane 
configuration  is  presented  in  this  paper.  The 
two  main  problems  discussed  are  the  need  for  accur¬ 
ate  calculation  of  the  vehicle  lift  distribution 
and  the  decreasing  accuracy  of  Whitham's  theory 
above  M  »  2  (seo  capsule  summary  G-54) . 
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The  overpressure  characteristics  for  low  boom  con¬ 
figuration  concepts  are  generally  quite  sensitive 
to  snail  deviations  in  the  equivalent  area  distri¬ 
bution. 

Since  the  lift  at  cruise  represents  about  30  to 
70  , ercent  of  the  equivalent  cross-sectional 
area  of  the  vehicle  for  sonic  boom  calculation  pur¬ 
poses,  small  changes  in  the  lift  distribution  due 
to  either  design  changes  or  problems  of  accuracy 
in  the  theory  can  lead  to  significant  effects  in 
the  final  overpressure  results.  It  is  pointed 
out  that  the  more  sophisticated  methods  available 
for  calculating  loads  on  wing-body  combinations 
at  supersonic  speed  do  provide  quite  accurate  esti¬ 
mates  of  gross  lift  effects,  such  as  the  lift 
curve  slope,  but  these  methods  do  not  yield 
accurate  predictions  of  center  cf  pressure  at  the 
higher  Mach  numbers. 

Due  to  the  decrease  in  accuracy  of  Whitham's  theory 
above  M  •  2,  it  is  concluded  that  it  will  only  pro¬ 
vide  a  preliminary  guide  to  the  overpressure  char¬ 
acteristics  for  lifting  configurations  at  Mach 
numbers  greater  titan  about  2.  Until  such  time  as 
ongoing  studies  produce  improved  analytical  methods 
for  the  M>2  case,  it  is  concluded  chat  r.ear-field 
measurements  in  the  wind  tunnel  will  provide  the 
most  reliable  basis  for  the  prediction  of  the 
overpressure  characteristics  of  general  aircraft 
configurations.  However,  it  was  also  felt  that 
even  wind  tunnel  testing  techniques  are  not  com¬ 
pletely  satisfactory. 

This  paper  does  a  very  good  job  of  stressing  the 
importance  of  remembering  the  various  approxima¬ 
tions  and  possible  sources  of  error  that  are  in¬ 
volved  in  designing  practical  airplane  configura¬ 
tions  in  accordance  with  boon  minimization 
concepts. 

M-51 

MEASURED  AND  CALLUi-Al  ED  SONIC  BOOM  SIGNATURES  FROM 

NIX  NONAX IS YMMK1 R I C  WIND-TUNNEL  MODELS 

il.  L.  Runyan,  if.  R.  Henderson,  0.  a.  Morris,  and 

!>.  J.  Maglieri 

NASA  5P-23-.,  mini  Conference  on  Sonic  Boom  Research, 

1970,  pp.  141-350 

Tnis  paper  presents  the  results  of  a  wind  tunnel 
experiment  using  six  models  conducted  at  M  ■  2.7 
Co  study  the  growth  of  the  pressure  field  as  a 
function  of  distance  from  the  model.  The  models 
consisted  of  two  delta  and  four  rectangular  plan- 
forr-.s  including  cua  model  with  side  plates. 

The  results  Indicated  a  rapid  transition  from 
two-dimensional  flow  characteristics,  known  to 
exist  near  the  -ode l  lower  .-.ur  faces,  to  the  three- 
dimensional  characteristic;,  measured  in  the  tests, 
in  general,  good  agreement  was  obtained  between 
the  measured  and  calculated  pressure  field  using 
conventional  techniques  for  three-dimensional 
flow  analysis,  especially  at  the  larger  distances. 
The  exception  was  the  model  for  which  two-dimen¬ 
sional  flow  was  forced  to  exist  within  the 
confines  of  side  plates.  For  that  modei  good 
agreement  was  obtained  using  two-dimensional 
flow  theory,  particularly  at  tlie  smallest  dis¬ 
tance  of  about  one  body  length.  At  the  farthest 
measurements  point,  five  body  lengths,  belter 
agreement  was  obtained  using  three-dimensional 
flow  theory.  It  is  concluded  chat  these  results 
serve  as  a  reminder  that  minimum  sonic  boom  con¬ 


cepts  bated  on  two-dimensional  reasoning  can  be 
very  misleading  and  that  the  rapid  development 
of  three-dimensional  flow  is  significant  and  must 
be  taken  into  account. 

The  same  conclusion  was  reached  as  the  result  of 
an  earlier  more  limited  investigation  by  Runyan 
and  Henderson  (see  capsule  summary  K-351 . 

M-52 

LOCAL  AVOIDANCE  OF  SONIC  BOOM  FROM  AN  AIRCRAFT 

W.  F.  Hilton 

The  Aeronautical  Journal  of  the  Royal  Aeronautical 

Society,  Vol.  75,  March  1971,  pp.  179-181 

This  paper  discusses  the  use  of  curved  flight 
paths  in  order  to  prevent  the  sonic  boom  of  a 
supersonic  aircraft  from  being  heard  in  a  chosen 
local  region  on  the  ground.  The  analysis  is  based 
upon  the  behavior  of  Mach  waves,  but  it  is  expec¬ 
ted  that  shock  waves  of  finite  amplitude  will 
behave  in  a  similar  way. 

The  zone  of  zero  boom  dealt  with  here  arises 
when  the  cusp  resulting  from  an  aircraft  under¬ 
going  a  pullup-pushover  maneuver  does  not  touch 
the  ground.  This  concept  is  illustrated  in  the 
figure  below,  which  was  taken  from  this  paper. 

The  cusp  below  the  aircraft  track  is  quite  well 
defined  in  several  cases.  During  the  pull-up 
the  aircraft  throws  down  a  convex  shock  pattern, 
which  reaches  the  ground.  During  the  push-over, 
the  downward  shock  is  concave,  reaches  a  focus, 
and  travels  upwards  again.  This  gives  the  zone 
of  "no  boom."  Below  these  cusps  the  circles  do 
not  Intersect  and  no  boom  would  be  heard.  This 
'  t  area  is  more  than  10  miles  long. 


Arm  Jam  c  nf  vmit  hi  vim  by  pull  up  in  vertical  plane  atM-2 


Assuming  the  aircraft  climbs  to  s  height  h  in 
a  radius  R  at  a  Mach  number  M,  an  expression 
is  derived  relating  the  required  accleration  f  « 
M^a-ZR  to  the  Mach  number  and  speed  of  sound1, 

(fl./a?  -  M(M-l) 

This  expression  shows  that  if  acceleration  f 
is  to  be  minimized,  the  lowest  supersonic  M  at 
the  highest  possible  altitude  should  be  selected 
for  the  apogee  of  the  maneuver. 

As  stated  by  the  author,  this  paper  is  intended 
to  start  discussion  rather  than  to  present  a 
finished  case.  A  more  thorough  Investigation 
would  be  required  to  determine  if  the  concept 
discussed  here  is  feasible. 
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Batdorf  (see  capsule  summary  M-59)  did  make  a 
further  analysis  of  the  possibility  of  local  sonic 
boom  avoidance.  He  found  that  there  is  no  region 
of  "no  boom"  for  the  maneuver  described  by  Hilton. 
The  reader  is  referred  to  the  above  capsule  sum¬ 
mary  for  details. 

M-53 

SONIC  BOOM  MINIMIZATION  INCLUDING  BOTH  FRONT  AND 
REAR  SHOCKS 

A.  R.  George  and  R.  Seebass 

AIAA  Journal,  Vol.  9,  No.  10,  October  1971, 

pp.  2091-2093 

The  problem  of  aircraft  shaping  for  minimum  shock 
strengths  taking  account  of  midfield  effects 
is  treated  in  this  paper.  The  analysis  parallels 
that  made  by  George  in  an  earlier  paper  (see  cap¬ 
sule  summary  M-41)  except  that  both  the  front 
and  rear  shocks  are  treated  in  the  present  investi¬ 
gation,  whereas  only  the  front  shock  was  treated 
in  the  earlier  paper. 

The  results  show  that  when  botli  the  front  and 
rear  shock  are  minimized  the  minimum  values 
obtained  are  not  as  low  as  when  only  the  front 
shock  is  minimized.  However,  these  minimum  values 
are  still  lower  than  the  far-field  lower  bounds 
of  Jones  (see  capsule  summaries  M-6  and  M-16). 

M-54 

AIRPLANE  CONFIGURATIONS  FOR  LOW  SONIC  BOOM 
Antonio  Ferri 

NASA  SP-255,  Third  Conference  on  Sonic  Boom  Research, 
1971,  pp.  255-275 

This  paper  is  exactly  the  same  as  the  one  summar¬ 
ized  in  capsule  summary  M-44.  The  reader  is  refer¬ 
red  to  that  capsule  summary  for  details  of  this 
work. 

M-55 

NON- ASYMPTOTIC  EFFECTS  IN'  THE  APPROACH  TO  THE  FAK- 
FIELD  SONIC  BOOM 
LeRoy  F.  Henderson 

Zeltschrift  fur  Angewandte  Mathcmatik  und  Physlk 
(ZAHP) ,  Vol.  22,  1971,  pp.  1103-1125 

Whltham's  non-asymptot ic  formula  (see  capsule 
summary  G-3)  for  the  bow  shock  overpressure 
of  <i  body  in  supersonic  flight  is  expanded  m 
this  paper  m  terms  of  a  small  parameter  t, 
which  depends  upon  the  F-function  of  the  body. 

This  expansion  corresponds  to  small  departures 
from  an  N-wave  that  result  as  one  moves  toward 
the  body.  The  series  is  used  to  determine  how 
changes  in  the  equivalent  body  shape  can  modify 
the  signature  in  the  region  of  approach  to 
the  far-field. 

Transformations  which  allow  improved  conver¬ 
gence  of  the  series  are  discussed,  and  appli¬ 
cation  is  then  made  to  some  particular  bodies. 

Three  types  of  bodies  were  selected  to  illustrate 
the  analysis:  (a)  cone-cylinder;  (b)  body  with 
one  or  more  vanishing  derivatives;  and  (c)  a  body 
with  a  line  wave  F-curve.  The  resulting  expansion 
for  each  of  these  bodies  is  determined. 

The  reduction  of  sonic  boom  overpressure  in  the 
region  of  approach  to  far-field  is  then  investi¬ 
gated.  It  is  pointed  out  that  body  shape  informa¬ 
tion  can  be  used  to  reduce  the  boom  at  a  given 
miss  distance  only  when  Che  N-wave  has  not  yet 


formed.  Thus  the  firat  step  to  reduce  the  boom  is 
to  ensure  that  h*h,,,  where  h  is  the  altitude  (or 
mis*  distance)  of  the  body  and  hjj  is  the  altitude 
(or  miss  distance)  at  which  an  N-wave  Is  formed,  it 
i 8  shown  that  the  N-wave  miss  dislance  can  be 
increased  merely  by  reducing  F0  -  F(t0;,  where 
is  the  value  of  t  which  maximizes 

T 

J  F(n)dq. 

o 

This  involves  making  the  body  smoother.  A  simple 
equation  giving  F  and  F'  for  minimum  boom  is 
then  derived.  0 

The  analysis  then  goes  on  to  show  how  to  reduce 
the  boom  by  striking  an  optimum  between  two 
opposing  effects.  The  first  effect  is  most  pro¬ 
nounced  when  the  body  has  a  well-developed 
shoulder  and  when  the  ground  level  miss  distance 
is  close  to  the  N-wave  formation  miss  distance. 

For  this  case  the  action  of  the  equation 
giving  F0  and  F^  for  minimum  boom  is  to  move  the 
centroid  of  the  F-curve  forward  toward  the  apex 
of  the  body.  This  promotes  a  stronger  shock  in 
the  near  field,  which  Is  then  decayed  mere  rapidly 
in  the  far-field.  The  furthest  development  would 
be  a  pair  of  N-vaves,  in  which  the  F-curve  of  the 
body  would  be  a  pair  of  delta  functions  at  the 
front  and  rear.  In  physical  terms,  a  strong 
shock  is  generated  in  the  very  near  field  by  a 
blunt  or  nearly  blunt  body,  and  the  shock  is  then 
almost  immediately  decayed  by  a  closely  spaced 
expansion  fan. 

The  opposing  effect  is  most  pronounced  when  the 
body  is  smoother,  and  when  the  ground  level  is  in 
the  near  field,  hg«li^.  In  this  case  the  action 
of  the  equation  giving  F0  and  F^  for  minimum 
boom  is  to  move  the  centroid  of  the  F-curve  back¬ 
wards  toward  t„.  The  idea  is  to  keep  the  shock 
as  weak  as  possible  in  the  near-field  so  that 
it  will  still  be  weak  at  h  »  h«.  This  is  accom¬ 
plished  by  giving  the  body  a  shape  which  spreads 
out  the  compression  waves  and  bunches  up  the 
expansion  waves.  The  furthest  development  would 
again  be  a  pair  of  delta  functions  but  arranged 
differently.  It  is  shown  that  the  initial  wave 
can  be  thought  of  as  being  the  opposite  of  an 
N-wave.  Hence  the  limiting  condition  is  somewhat 
loosely  called  a  reversed  N-wave. 

The  effect  of  spreading  of  the  characterist ics 
is  shown  to  give  only  a  small  reduction  of  the 
boom  overpressure,  and  several  numerical  examples 
are  then  given  of  the  procedure. 

This  paper  is  an  extension  of  an  earlier  paper  by 
Moore  and  Henderson  (see  capsule  summary  M-33). 
fhe  derivations  are  carried  out  in  more  depth 
here  and  more  cases  are  treated, 

George  (see  capsule  summary  M-41)  also  considered 
how  to  modify  the  signature  in  the  mid-field  by 
campulatmg  the  F-curvc.  Ho  begins  with  some  re¬ 
sults  obtained  by  Jones  (see  cap3ule  summaries  M-6 
and  M-16),  who  showed  how  the  lower  bound  on  the 
sonic  boom  could  be  obtained  by  reducing  the 
F-curve  to  a  pair  of  delta  functions.  George 
considered  a  redistribution  of  the  positive  part 
of  the  F-curve  which  retained  the  forward  delta 
function  but  with  a  reduced  area  underneath  it. 
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lie  was  able  to  get  a  good  reduction  in  the  boon 
overpressure  In  the  mid-field.  In  effect  he  worked 
backwards  from  the  far-field  to  the  aid-field  by 
means  of  this  redistribution. 

M-5o 

LOWER  BOUNDS  FOR  THE  PRESSURE  JUMPS  OF  THE  SHOCK 
WAVES  OF  A  SUPERSONIC  TRANSPORT  OF  GIVEN  LENGTH 
L.  8.  Jones 

Aeronautical  Quarterly,  Vol.  23,  February  1972, 
pp.  62—70 

!n  this  paper  the  lower  bounds  for  the  pressure 
Jumps  across  shock  waves  propagating  through  a 
homogeneous  atmosphere  are  determined  by  con¬ 
sidering  both  the  bow  and  rear  shock  waves  simul¬ 
taneously.  It  is  assumed  that  all  the  shocks 
have  coalesced  into  bow  or  rear  shocks,  but 
not  that  the  shocks  are  at  such  a  great  distance 
(asymptotic)  that  they  have  the  same  strength. 

First,  expressions  are  obtained  for  the  pressure 
jumps  across  both  the  bow  and  rear  shock  waves 
in  terms  of  the  Uhitham  F-function  in  the  range 
o<x<l,  that  Is,  over  the  length  of  the  supersonic 
transport.  These  expressions  are  necessary  since 
the  area/lift  distribution  and  hence  the  result¬ 
ing  F-f unction  cat*  only  be  varied  over  this  length. 
Having  obtained  these  expressions  an  approximation 
to  the  pressure  jump  across  the  rear  shock  is 
developed,  which  is  such  that  for  positive  values 
of  the  F-functlon  the  condition  for  minimum  values 
for  the  pressure  Jump  across  the  rear  shock 
for  a  given  constraint  is  the  same  as  that  for 
the  asymptotic  case  treated  previously  by  Jones 
(see  capsule  summary  M-16).  Using  this  approxima¬ 
tion  the  form  of  the  F-functlon  which  gives  the 
lower  bound  value  for  the  higher  of  the  pressure 
jump  across  both  the  bow  and  rear  shock  waves  is 
determined. 

Using  the  above  results,  a  family  of  shapes  for 
the  F-functlon  Is  taken,  and  within  this  family 
the  lower  bound  value  for  the  higher  of  the 
pressure  Jumps  across  the  bow  and  rear  shock  waves 
is  evaluated  without  any  approximation.  The 
pressure  jumps  across  the  shock  waves  of  other 
configurations  are  then  evaluated  to  compare  with 
the  lover  bound  values  obtained. 

Off-design  values  for  the  pressure  jumps  across 
the  shock  waves  arc  also  evaluated  and  it  is  shown 
that  not  only  can  low  values  for  the  pressure 
jump  be  obtained  at  design  conditions,  but  that,  if 
care  is  taken  in  choosing  the  design  condition, 
low  values  for  the  pressure  jump  across  both  the 
now  and  rear  shuck  waves  can  be  obtained  over  the 
whole  flight  path  of  the  supersonic  transport. 

This  paper  extends  the  theory  developed  by  Jones  in 
a  previous  paper  (see  capsule  summary  X-A2), 
which  treated  only  the  bow  shock. 

George  and  Seebass  (see  capsule  summary  M-26)  made 
a  similar  analysis  of  sonic  boom  minimization 
including  both  front  and  rear  shocks. 

M-57 

SUPERSONIC  TURNS  WITHOUT  SUPERJWOMS 
H.  S.  Ribner 

University  of  Toronto,  Institute  for  Aerospace 
Studies,  UTIAS  Technical  Note  No.  174,  February  1972 


This  paper  presents  en  investigation  into  flight 
procedures  which  would  enable  supersonic  turns 
to  be  made  without  the  production  of  superbooma, 
or  regions  of  focus,  on  the  ground.  Superbooms 
normally  occur  on  the  inside  of  a  turn  due  to 
the  focussing  of  the  rays  in  that  region. 

It  is  shown  that  ray  focuasing  will  not  occur  if 
the  aircraft  1*  slowed  down  as  It  makes  the  turn. 
The  correct  deceleration  will  eliminate  the  local 
curvature  of  the  weve  front  responsible  for  focus¬ 
sing.  The  curvature  (concave  outward)  is  propor¬ 
tional  to  the  component  of  resultant  acceleration 
resolved  along  the  normal  to  the  wave  front.  The 
correct  deceleration  is  shown  to  be  such  that 
the  tangential  deceleration  resolved  along  the 
normal  to  the  wave  front  is  of  the  right  magni¬ 
tude  to  cancel  out  the  centripetal  acceleration 
similarly  resolved. 

Rao's  theory  (see  capsule  summary  P-12)  is  used 
to  derive  the  relation  between  turning  angle  -xnd 
Mach  number  such  that  no  focussing  occurs.  This 
relation  is: 

.  i* 

dt  dt 

where  p  -  Mach  angle 

and  d+/dt  •  rate  of  turning  of  aircraft  path. 

Thus  the  initial  and  final  Kach  angles  are  related 
to  the  total  turning  angle  by 

*>2  '  **1  •  ♦ 

Hence  the  slowing  down  required' by  the  no-focus 
condition  increases  the  Mach  angle  u  by  precisely 
the  angle  of  turn  g  .  This  dictates  an  upper 
limit  to  g  for  a  given  initial  Mach  number 
such  that  the  final  Mach  number  will  not  be  sub- 
aonic. 

The  locus  of  focussed  booms  In  three-dimensions 
is  shown  to  be  a  cylinder.  Equations  are  then 
derived  which  give  the  minimum  radius  of  curva¬ 
ture  of  the  flight  path,  the  maximum  centripetal 
acceleration,  end  the  corresponding  maximum 
permissible  airplane  bank  angle  $  for  which 
focussed  boons  will  not  reach  the  giound  due  to 
the  effects  of  atmospheric  refraction.  The  mini¬ 
mum  turn  radius  (*  maximum  acceleration)  for 
focus  cutoff  is  shown  to  be  related  to  the  tabu¬ 
lated  width  of  the  sonic  boom  carpel  for  recti¬ 
linear  flight  by  the  following  simple  equation: 

-> 

Rcos'p  *  B  ' 

% 

where  R  •*  minimum  turn  rautus 

p  «  Mach  angle  at  ground  level 
and  8  *  ■  boom  carpet  half-width 

Hilton  (see  cepsule  summary  M-52)  presented  a 
method  for  preventing  the  sonic  boom  from  reach¬ 
ing  a  chosen  local  region  on  the  ground.  The 
method  was  based  upon  the  execution  of  a  push¬ 
over  maneuver  at  the  appropriate  time.  That 
study  was  complementary  to  the  preaent  one  in 
that  it  dealt  with  straight  flight  paths,  while 
the  present  one  desls  with  superboom  avoidance 
for  curved  flight  paths. 
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K-58 

EXPERIMENTAL  VERIFICATION  OF  LOW  SONIC  BOOM 

CONFIGURATION 

Antonio  Ferri,  Huai-Chu  Wang,  and  Hana  Sorensan 

NASA  CR-2070,  June  1972 

This  report  presents  the  results  of  an  analytical 
and  experimental  investigation  into  the  reduction 
of  sonic  boom  overpressures  through  airplane  con¬ 
figuration  design.  The  experiments  were  performed 
at  the  Aeronautical  Research  Institute  of  Sweden 
by  the  research  group  headed  by  Professor  M. 

Landehl  and  Dr.  C.  Drougge.  The  experimental 
technique  developed  by  the  group  (see  capsule 
suMtary  G-62)  based  on  the  higher  order  analysis 
developed  by  M.  Landahl,  I.  L.  Ryhming,  and  others 
(see  capsule  summery  G-41)  was  used. 

The  model  was  designed  by  a  research  group  at  the 
Aerospace  Laboratory  of  New  York  University  as 
part  of  an  investigation  of  low  boom  configurations 
(see  capsule  summaries  M-24  and  M-44) .  The  model 
was  designed  to  produce  an  overpressure  of  the 
order  of  1  psf. 

The  experimental  technique,  method  of  data 
analysis,  and  configuration  characteristics  are 
discussed  in  some  depth.  The  figure  below,  which 
was  taken  from  this  paper,  shows  the  overall 
design  of  the  model  tested.  The  analysis  of  the 
sonic  boom  was  performed  for  the  conditions  corre¬ 
sponding  to  cruise  at  60,000  feet,  M  •  2,70, 
and  total  weight  equal  to  460,000  pounds.  The 
theoretical  analysis  followed  the  metiiOd  outlined 
by  Carlson  (see  capsule  summary  G-23J ,  which 
transforms  the  lift  Into  ar.  equivalent  area.  The 
lift  was  determined  by  means  of  a  second  order 
theory  with  some  approximate  second  order  correc¬ 
tions.  The  extrapolation  of  the  signature  to 
ground  level  was  performed  by  use  of  the  Hayes' 
program  (see  capsule  sumnary  P-98) .  The  sonic 
boom  signatures  obtained  from  this  theoretical 
analysis  are  shown  in  the  second  figure  below  for 
four  different  meridian  planes.  The  experi¬ 
mentally  determined  signature  is  shown  in  the 
third  figure  below. 


Thmrcltral  ptrssure  upwures.  !.  *  JOG  ft.  h  »  60.000/1. 
tV-  460.0001b,  M  *27 


The  following  conclusions  were  reached  as  a  result 
of  this  investigation. 

1.  Sonic  booms  having  peak  values  of  the  order 
of  1  psf  were  measured,  as  predicted  ana¬ 
lytically.  Tha  sonic  booms  obtained  had 
near-field  signatures.  The  distribution 

of  equivalent  cross-sectional  area  tested 
corresponds  to  an  airplane  shape  that  has 
the  voluue,  length,  and  lift  requirements 
of  a  practical  airplane  configuration;  how¬ 
ever,  substantial  additional  work  is 
required  to  investigate  if  all  other  aero¬ 
dynamic  requirements  related  to  a  practical 
configuration  can  be  met. 

2.  The  nonlinear  and  three-dimensional  effects 
are  of  primary  Importance  for  the  deter¬ 
mination  of  the  correct  values  of  the  sonic 
boom  from  measurements  at  small  distances 
from  the  model.  More  complex  experimental 
techniques  where  such  effects  are  determined 
are  required  when  near-field  measurements 
are  made. 

3.  The  experimental  method  proposed  by  Landahl, 
et  al  (see  capsule  wimaaty  C-M)  gives  satis¬ 
factory  reculte, 

4.  Improvements  are  atlil  required  in  the  expen- 
i -.cental  techniques  and  in  the  analysis  in 
order  to  measure  and  determine  with  tetter 
accuracy  all  of  the  required  quantities. 

This  experiment  did  demonstrate  that  an  aerody¬ 
namic  configuration  designed  tc  take  advantage  of 
near-field  effects  can  generate-  maximum  overpres¬ 
sures  on  the  order  of  l  psf. 

M-59 

OS  SONIC  B0CM  AVOIDANCE 

Dr.  S.  B.  Bstdorf 

Aeronautical  Journal,  September  1972,  pp.  S*l-544 

This  paper  looks  further  into  the  suggestion  by 
Hilton  (see  capsule  summary  M-52)  that  local  sonic 
boom  avoidance  can  be  obtained  for  a  chosen  region 
on  Che  ground  by  executing  the  proper  puliup- 
pushover  maneuver.  In  the  present  study,  ss  in 
Hilton's,  pressure  disturbances  are  assumed  small 
so  that  they  move  at  sonic  speed. 

It  is  shown  that  there  is  no  region  of  "no  boom" 
for  the  maneuver  described  by  Hilton.  Regions  of 
single,  double,  and  triple  shocks  were  found,  but 
no  ahockless  region.  The  author  concludes  that 
Hilton  arrived  at  an  incorrect  conclusion  simply 
because  he  did  not  carry  the  construction  far 
enough . 
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g  •  gravitational  acceleration 


The  author  then  goes  on  to  show  that  no  maneuvers 
in  the  vertical  plane  will  result  in  boom  avoid¬ 
ance.  However,  when  the  altitude  is  high  and  the 
change  of  direction  during  the  maneuver  is  large, 
the  correoponding  shocks  may  be  quite  weak. 

larediately  following  the  above  discussion  is  a 
comment  by  Hilton  In  which  he  states  that  he 
wi.s  aware  that  the  "boomless"  region  below  the 
concave  flight  path  would  be  invaded  by  a  shocklet 
from  the  preliminary  convex  part  of  the  flight  path, 
hut  not  of  the  triple  boos.  He  then  goes  on  to  show 
that  the  "shocklet"  will  be  of  a  reduced  strength, 
probably  sufficient  to  make  the  sonic  boom  accept¬ 
able. 


*  density  ac  aircraft  altitude 
sa  •  sound  speed  at  aircraft  altitude 

L  »  effective  aircraft  length  «  distance 
over  which  distribution  of  lift  on 
volume  elements  can  be  non-zero 

4  -  angle  variable  in  a  cylindrical  coor¬ 
dinate  system  aligned  with  the  air¬ 
craft  axis 

C  -  (l/2ar)1/2 


immediately  following  the  above  comment  Is  a  com¬ 
ment  by  Batdorf  in  which  he  discusses  the  effects 
of  defocussing  on  shock  intensity. 

M-60 

OPTIMUM  CONFIGURATIONS  FOR  BASELESS  SONIC  BOOHS 

Wallace  D.  Hayes  and  Francis  B.  Weiskopf,  Jr. 

Quarterly  of  Applied  Mathematics,  October  1972, 

pp.  311-128 

This  paper  presents  derivations  of  optimum  con¬ 
figurations  for  a  supersonic  aircraft  subject  to 
the  condition  of  a  bangless  sonic  boom.  A  bang- 
less  sonic  boom  is  defined  here  as  or-  having  no 
shock  waves  in  the  signature  at  the  ground.  The 
airctaft  is  represented  by  a  fore-and-aft  line 
distribution  of  either  lift  or  volume  elements. 

The  case  considered  Is  that  of  the  sonic  boom 
from  au  aircraft  in  uniform  level  flight  in  a 
stratified  atmosphere.  The  approach  used  is  that 
of  Hayes,  Haefeli,  and  Kulsrud  (see  capsule 
sursnary  P-98)  in  vnich  a  suitable  phase  variable 
and  invariant  signal  strength  variable  are  identi¬ 
fied,  and  signal  distortion  is  calculated  using 
an  appropriate  age  variable. 

Several  optimization  problems  are  posed, 
subject  to  the  condition  that  a  shod  wave 
appears  only  incipient lv  in  the  pressure  sig¬ 
nature  at  a  given  point.  Those  problems  are 
solved  using  the  calculus  of  variations  with 
inequality  constraints,  together  with  a  nonlocal 
isoperisetric  relation  and  only  an  upper  bound 
on  the  control  variable,  F'fx).  Here  F(xi  is 
the  Whithsir.  K-fur.ct ion.  By  placing  an  upper  limit 
on  F'fx),  the  Ffxi  curve  does  not  become  multi¬ 
valued  after  being  "tilted"  tv  the  use  of  the 
age  variable. 

An  equation  giving  the  maximum  effective  gross 
weight  of  an  aircraft  (defined  to  be  the  actual 
weight  plus  times  the  increase  in  exit 

area  over  capture  area  for  the  aircraft  engines, 
where  C  is  the  aircraft  speed)  of  given  length 
under  given  flight  conditions  is  the  principal 
result.  This  equation  is; 


r  *  radial  cylindrical  coordinate  ■* 
distance  from  aircraft  flight  axis 

2 

and  a  •  yg  cos#/a^  . 

From  this  formula  it  can  be  seen  that  the  allow¬ 
able  gross  weight  is  greatest  at  a  low  super¬ 
sonic  Mach  number,  and  it  is  very  sensitive  to 
length  (proportional  to  1.5/2),  Due  tc  the  depend¬ 
ence  of  W  upon  o  »  the  allowable  gross  weight 
decreases  with  increasing  altitude.  In  compari¬ 
son,  the  formula  derived  by  Jones  (see  capsule 
summary  M-6)  for  the  maximum  gross  weight  attain¬ 
able  with  a  given  shock  strength  tf  on  the  ground, 
assuming  an  asymptotic.  N-wave  shows  the  allowable 
gross  weight  to  be  relatively  insensitive  to  Mach 
number,  only  weakly  dependent  upon  effective 
length  and  proportional  to  the  flight  altitude. 

Previous  sonic  boom  optimization  studies  (see  cap¬ 
sule  summaries  M-16,  H-37,  M-42,  M-53,  M-56,  M-61, 
H-43)  were  based  upon  a  signal  which  was  not  an 
X-wave,  but  the  presence  of  a  shock  wave  was 
accepted.  These  studies  concentrated  either  on 
minimizing  the  strength  of  the  bow  shock  or  on 
minimizing  the  strengths  of  both  the  bow  shocks 
and  tail  shocks.  The  present  study  was  the  first 
to  treat  the  bangless  boom  optimization  problem. 

In  an  earlier  paper  (see  capsule  sionary  M-49) 
Hayes,  et  ol  presented  a  similar,  but  less  exten¬ 
sive  analysis  of  bangless  boom  optimums. 

M-bl 

SONIC  BOOM  MINIMIZATION 

R.  Seebass  and  A.  R.  George 

J,  Acoust,  Soc.  America,  Vol.  51,  No.  2  (Part  3), 

1972,  pp.  68b-b94 

This  paper  gives  general  rules  for  determining 
the  minima  for  given  signature  parameters,  such 
as  overpressure  and  shock  pressure  rise,  for  the 
full  signature  (including  both  front  and  rear 
shocks).  Also,  a  figure  of  merit  is  introduced 
which  makes  it  possible  to  judge  the  effective¬ 
ness  of  exotic  boom  minimization  schemes. 


,,,  i/2  i/2  1/2  ,i/2,  .1/2 

12<;,  6  g  (con#) 


1/2  2 

miv+Dx  M  erf(c) 


'.no  general  rules  for  determining  minima  for 
given  signature  parameters  are  derived  starting 
from  the  expression 


where 


ratio  of  specific  heats 


c  * 


M  *  Mach  number 


A  6(y)  f  3y  +  C, 
By  -  D, 


o<y<A 

l<y<i 
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Here  A,  B,  C,  and  D  are  conatanta  which  are 
determined  by  the  specified  characteristics  of 
the  shock  wave  such  as  rise  time,  ratio  of  the 
front  and  rear  shock  strengths,  etc.  and  by 
constraints  on  the  F-function  itself.  Expres¬ 
sions  are  derived  which  allow  the  following 
to  be  calculated:  (1)  minimum  value  of  the 
siiock  pressure  rise;  (2)  minimum  overpressure; 

(1)  overpressure  for  minimus  impulse;  and  (A)  the 
maximum  pressure  in  the  signature  when  the  shock 
pressure  rise  is  minimized. 

Numerical  examples  for  a  specific  airplane  con¬ 
figuration  arc  Chen  given.  These  examples  show 
chat  improvements  in  shock  pressure  rise  and  over¬ 
pressure  accrue  at  the  expense  of  increased 
impulse. 

Finally,  the  following  figure  of  merit  is  pro¬ 
posed  for  evaluating  exotic  sonic  boom  minimiza¬ 
tion  schemes. 


<V*ff*/W>(h/i«ff) 


1/2  -U/2H 


wiiere  P.  *  ambient  pressure  at  ground  ievel 

M 

•  *  effective  aircraft  length 


pressure,  and  minimum  shock  pressure  rise  are 
reviewed  and  examples  showing  the  effect  o'  vary¬ 
ing  aircraft  weight,  length,  altitude  and  Mach 
number  are  given.  These  examples  showed  the  fol¬ 
lowing: 

1.  The  overpressure  is  insensitive  to  Mach 
number,  and  the  impulses  decrease  slightly 
with  increasing  Mach  number. 

2.  There  Is  a  weight  below  which,  for  the 
prescribed  conditions  of  h  »  60,000  feet, 

L  »  300  feet,  and  M  -  2.7,  there  need  be  no 
shock.  Also,  the  impulse  is  essentially  pro¬ 
portional  to  aircraft  weignt. 

3.  It  is  always  beneficial  to  increase  the  air¬ 
craft's  length  and  stretch  cut  the  pressure 
signal. 

A.  The  minimum  overpressure  is  insensitive  to 
altitude  anj  the  impulse  grows  exponentially 
with  increasing  altitude. 

From  these  results  it  is  concluded  that  if  both 
ti>e  overpressure  and  impulse  are  Important,  super¬ 
sonic  aircraft  may  have  to  be  designed  to  flv  at 
altitudes  comparable  to  those  of  present  subsonic 
jets. 


*  »  aircraft  weight 

h  “  aircraft  altitude 

and  I!  •  atmospheric  scale  height. 

It  ;s  stated  that  for  tvpieai  SST  aircraft  this 
quantity  Is  about  10^,  and  significant  improve¬ 
ments  ir.  sonic  boom  characteristics  can  be  anti¬ 
cipated  for  aircraft  that  achieve  values  greater 
than  *.1')}. 

The  topic  of  sonic  boom  minimization  including 
both  front  and  rear  shocks  was  also  treated  In 
another  paper  by  George  and  Seebass  (see  capsule 
summary  M-51).  However,  the  present  paper  treats 
tr.e  subject  in  greater  depth. 


Methods  of  reducing  sonic  boor,  through  aircraft 
operation  are  then  discussed,  in  connection  with 
the  operation  of  airrraft  at  supersonic  speeds 
below  the  threshold  Mach  number  an  equation  is 
given  which  describes  the  sound  field  below  the 
caustic.  It  is  stated  that  this  equation  was 
derived  from  an  asymptotic  expansion  of  the 
results  of  a  linear  theory.  The  equation  Is  as 
follows; 

iP  »  .■.F..(ys/y)!/V  SCT.c)  with 
c  «  3>/4fay^)^' 

where  /. P  •  overpressure 


A  later  paper  bv  Seebass  snd  George  (see  capsule  iP^.  *  overpressure  of  an  incident  X-wave 
suzzzarv  M-62)  draws  heavily  upon  the  information  ’  of  length  A  at  a  distance  y,.  above 
presented  in  the  present  paper.  the  caustic  surface 
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SONIA  BOOM  RKUUaiON  THKOI’GH  AIRCRAFT  DESIGN  AND 
0P1.RATI  ON 

A.  R,  Seebass  and  A.  R.  George 

AIAA  Paper  No.  71-241,  Presented  at  AiAA  iith  Aero¬ 
space  Sciences  Meeting,  Washington,  D.C.,  January 
10- 12,  1973 

Tills  paper  discusses  means  of  reducing  or 
eliminating  the  sonic  boor,  through  aerodynamic 
design  or  aircraft  operation.  These  include 
designing  aircraft  to  minimize  or  eliminate  certain 
features  of  the  pressure  signature,  operating  air¬ 
craft  at  slightly  supersonic  speeds  so  that  the 
sonic  boom  does  not  reach  the  ground,  and  seeking 
reductions  through  the  high  altitude-high  speed 
flight  conditions  of  hvpersor.lc  transports. 

The  general  rule-  derived  in  an  earlier  paper  bv 
Seebass  and  George  ( see  capsule  summary  M-fcl)  for 
determining  the  r.lni.vum  impulse,  minimum  over- 


y  •  distance  below  caustic 

a  «  gradient  of  the  square  of  the  air¬ 
craft  Mach  number  based  upon  its 
speed  U  and  the  ambient  sound  speed 

S(T,c)  is  defined  by  curves  given  in  the  paper. 

T  v  2tit/  ■ 

U  *  aircraft  speed 
and  t  *  time 

The  results  of  this  equation  are  summarized  as 
follows;  The  distance  below  the  caustic  at  which 
the  maximum  pressure  is  comparable  to  the  over¬ 
pressure  of  the  incident  signal,  at  that  same  dis¬ 
tance  above  the  caustic,  is  approximately 
where  k  is  approximately  22 C f t ) 1 / ^  for  the  stand¬ 
ard  atmosphere.  For  ‘  »  300  ft  the  maximum  over- 


»• 


pressure  1,000  feet  below  the  caustic  has  the 
saee  magnitude  as  the  overpressure  of  the  inci¬ 
dent  X-wave  l,0OC  feet  above  the  caustic*  In  an 
additional  1,000  feet  the  aaxieum  pressure  will 
decrease  by  a  factor  of  10.  Far  below  the  caustic 
surface  the  pressure  decays  rapidly  (as  the  13/4 
power  of  the  distance  from  the  caustic)  and  soon 
the  signal  contains  only  subaudible  frequencies. 
The  details  of  the  pressure  field  whtre  the  shock 
terminates  cannot  be  determined  using  this  equa¬ 
tion. 


f 
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In  connection  with  hypersonic  transports,  a 
theory  developed  earlier  by  Seebass  (see  capsule 
summary  C-47)  for  determining  the  sonic  boom  of 
a  hypersonic  vehicle  is  reviewed.  The  results  of 
numerical  examples  indicate  that  'he  overpressures 
and  impulses  obtained  at  realist!  flight  alti¬ 
tudes  mav  be  less  than  those  achieved  by  the  mini¬ 
mum  overpressure  designs  for  supersonic  aircraft. 
However,  as  in  the  case  of  the  supersonic  trans¬ 
port,  the  impulse  of  the  hypersonic  transport 
Increase  exponentially  with  altitude.  It  is  there¬ 
fore  concluded  that  there  does  not  seem  to  be  much 
refuge  in  high  altitude  hypersonic  flight. 

This  is  an  excellent  discussion  of  sonic  boom 
minimization  concepts,  as  was  the  similar  earlier 
paper  by  Seebass  and  George  (see  capsule  summary 
H-61).  the  expression  given  for  the  sound  field 
below  a  caustic  could  prove  to  be  a  significant 
contribution  to  sonic  boom  theory  if  Its  validity 
can  be  experimentally  demonstrated. 

M-h) 

SOME  EFFECTS  O?  KING  PLASFOR.M  OX  SO.V1  C  BOOM 

Lynn  W.  Hunton.  Raymond  M.  Kicks,  and  Jce!  P.  Mendoza 

NASA  TNh-TlbO,  January  19") 

The  results  ot  a  wind  tunnel  investigation  into 
the  effects  ef  wing  planform  on  sonic  boon  are 
presented  in  tnis  paper.  Twelve  different  wings 
having  a  constant  wetted  area  and  volume  In  com¬ 
bination  with  a  fixed  body  were  tested  In  the 
Ames  9-  by  7-foot  and  8-  by  7-foot  supersonic  wind 
tunnels  at  Mach  numbers  of  1.68,  2.0,  and  2.7. 
These  models  and  some  of  the  results  of  these 
tests  are  shown  in  capsule  summary  M-ll. 


5.  Local  changes  in  wing  leading-edge  shape 
obtained  with  strakea,  cranks,  or  curva¬ 
ture  were  relatively  ineffective  in  alter¬ 
ing  the  overpressure  characteristics  of  the 
basic  planfora. 

6.  Supersonic  aircraft  designed  for  low  sonic 
boom  st  s  specific  Mach  number  will  not 
have  broad  application  over  the  full  super¬ 
sonic  Mach  number  range  nor  will  auch 
designs  be  in  consonance  with  design  features 
that  produce  maxim-urn  aerodynamic  efficiency 
and  performance. 

M-64 

SONIC  BOOM 

Wallace  D.  Hayes 

In  Annual  Review  of  Fluid  Mechanics,  Vol.  3,  M.  Van 

Dyke,  et  eJ ,  eds.,  1971,  ppr.  2t>9-290 


This  paper  presents  a  summary  of  the  ctate  of  the 
art  of  sonic  boom  theory  as  of  1971.  Included  in 
the  discussion  is  a  description  of  a  transition 
maneuver  for  avoiding  the  superbooa  produced  by  an 
aircraft  at  It  accelerates  to  supersonic  speeds. 

The  reader  is  referred  to  capsule  summary  S-42 
for  a  description  of  this  maneuver. 

M-65 

APPLICATION  OF  SONIC-BOO*  MINIMIZATION  CONCEPTS  IN 

SUPERSONIC  TRANSPORT  DESIGN 

Harry  W.  Carlson,  Raymond  L.  Barger,  ar.d  Robert  J.  Mack 

NASA  TJJ  D-7218,  June  1973 


The  study  described  in  this  paper  uses  near-field 
sonic  boom  minimization  concepts  to  Investigate 
the  design  of  a  large  (234  passenger)  low-boon 

supersonic  transport.  Four  SST  design  concepts  ) 

are  studied,  two  of  which  are  considered  to  be 
conventional  approaches  with  only  modest  modifi¬ 
cations  for  sonic  boom  benefits  and  two  clner* 
which  depart  from  conventional  practices  in  ac¬ 
cordance  with  the  dictates  of  sonic  boom  minimi¬ 
zation  concepts.  In  order  to  provide  a  realistic 
first  estimate  of  the  applicability  of  these  con-  ■  3 

cepts,  the  analysis  accounts  for  the  influence 
of  airplane  configuration  on  aerodynamics,  weight 
and  balance,  and  performance.  1 


The  following  conclusions 
of  these  tests: 


.-ere  reached  as  a  result 


1. 


Agreement  of  sonic  boom  theory  with  experi¬ 
ment  was  found  to  depend  generally  on  con¬ 
figuration  slenderness,  the  type  of 
signature,  and  the  distance  ratio. 

The  degree  of  complexity  of  wing  planform 
shape  appears  to  ha.e  little  bearing  on  the 
accuracy  with  which  signature  characteristics 
were  predicted  for  either  the  very  rear- 
field  or  mid-field  distance  ratios. 

Because  of  the  nonlinear  distortions  that 
occur  in  the  propagation  of  a  waveform  in 
the  atmosphere,  direct  comparisons  of  very 
r.ear-field  signatures  are  not  a  valid  guide 
to  the  relative  level  of  overpressure  per¬ 
formance  for  a  gl  ,-en  configuration  at  aid- 
field  distances. 

V'lng  planfonn  can  significantly  reduce 
the  magnitude  cf  shock  overpressures  at 
aid-field  distances  bv  about  20  to  40  per¬ 
cent  in  comparison  with  the  overpressures 
for  conventional  wing  planforas. 


1#7 


The  results  of  the  investigation  show  that  shock 
strengths  of  somewhat  less  than  2  psf  for  a 
design  range  of  250 0  nautical  miles  and  a  cruise 
Mach  number  of  2.7  ate  within  the  reals  of  possi¬ 
bility.  It  was  found  that  an  important  design 
feature  of  such  an  airplane  is  a  wing  of  large 
area  and  long  root  chord  located  wall  aft  with 
respect  to  the  fuselage.  The  wing  would  incor¬ 
porate  twist  and  camber  designed  to  meet  sonic- 
boom  shaping,  as  well  as  drag  minimization 
requirements,  and  would  ei^pioy  positive  dihedral. 
It  was  also  found  that  a  canard  surface  may  be 
utilized  in  optimization  of  the  lift  distribu¬ 
tion  for  sonic  boom  benefits. 

It  is  concluded  that,  because  many  of  the 
design  features  are  m  direct  contradiction  to 
presently  accepted  design  practices,  further 
study  by  qualified  airplane  design  team*  is 
required  to  ascertain  sonic  boom  shock  strength 
levels  actually  attainable  for  practical  super¬ 
sonic  transports.  (The  results  r  a  preliminary 
design  study  of  this  nature,  conducted  by  The 
Boeing  Co,,  are  summarized  in  capsule  summary 
M-66. ) 


This  is  sn  excellent  paper.  It  presents  a  good 
summary  of  the  present  state  of  the  art  of 
sonic  boos;  minimization  theory  and  the  manner  in 
which  this  theory  is  applied  to  airplane  design. 


M-66 

A  STUDY  TO  DETERMINE  THE  FEASIBILITY  Of  A  LOW  SONIC 

POOH  SUPERSONIC  TRANSPORT 

Edward  J.  Kane 

NASA  CR  2332,  September  1973 

The  objective  of  this  study  was  to  determine  if  a 
supersonic  transport  concept  that  was  designed  to 
prcduce  a  sonic  boom  signature  with  low  overpres¬ 
sure  represented  a  feasible  configuration.  The 
design  goal  was  to  achieve  valued  of  overpressure 
and  impulse  during  cruise  which  were  significantly 
below  those  produced  by  current  SST  designs.  Spe¬ 
cifically,  the  following  two  goal*  were  chosen: 
at.  overpressure  cf  1.0  psf  or  less  for  a  cruise 
Mach  number  of  2.7  and  an  altitude  of  55,000  ft i 
and  an  overpressure  of  0,5  psf  for  a  cruise  Mach 
number  of  1.5  and  an  altitude  of  45,000  ft.  Tech¬ 
nology  projected  for  the  1985  time  period  was 
assumed  for  purposes  of  the  analysis.  The  princi¬ 
pal  effort  was  to  develop  a  cruise  configuration 
capable  of  meeting  the  sonic  boom  goal  while  ac¬ 
cepting  some  compromises  elsewhere  in  the  flight 
profile.  The  Mach  2.7  goal  was  achieved  with  a 
ended  arrow  wing  configuration.  For  cruiie  at 
the  design  altitude  this  airplane  has  the  poten¬ 
tial  of  carrying  183  passengers  a  distance  cf 
2780  n.m.  Tne  Mach  1.5  design  was  a  low  arrow 
wing  configuration  with  a  horizontal  tail.  This 
airplane  did  not  quite  achieve  the  design  goal 
because  the  tail  shock  during  cruise  was  about 
0.7  psf.  For  cruise  at  the  design  altitude  this 
airplane  has  the  potential  of  carrying  180  passen¬ 
gers  a  distance  of  3220  n.mi.  Both  airplanes  ex¬ 
hibited  some  rather  serious  difficulties  in  terms 
of  complying  with  normal  design  constraints. 

Even  though  the  scope  of  this  study  was  limited 
the  results  indicate  that  an  advanced  technology 
SST  with  a  low  sonic  boom  level  appears  to  be  a 
feasible  concept. 

The  study  described  here  is  of  the  type  recommend¬ 
ed  by  Carison  m  the  paper  suemurized  in  capsule 
••urtsary  X-6S.  This  was  the  first  attempt  made  by 
a  qualified  airplane  design  team  to  design  a 
supersonic  transport  with  sonic  boom  constraints 
as  the  prime  consideration. 
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5.0  HUMAN  RESPONSE 
AND 

SOCIAL  CRITERIA 


HRSC-1 

GROUND  MEASUREMENTS  OF  THE  SKOCK-WAVF.  NOISE  FROM 

A I  RE  LANES  IN  LEVEL  FLIGHT  AT  MACH  NUMBERS  TO  1.4 

AND  AT  ALTITUDES  TO  45,000  FEET 

Domenie  J,  Magl'ieri,  Harvey  H.  Hubbard,  and 

Donald  L.  Lansing 

NASA  TN  D-48,  September  1959 

In  this  experiment  ground  pressure  sveasureaents 
were  made  of  the  sonic  boom  resulting  from  six 
flights  of  an  F-101  fighter  at  Mach  numbers  from 
1.15  to  1.40  and  altitudes  from  25,000  to  45,000 
feet  and  one  flight  of  an  F-100  fighter  at  a  Mach 
number  of  1.13  and  an  altitude  of  35,000  feet. 

Most  of  the  results  deal  with  sonic  boo*  propagation 
and  for  a  summary  of  these  the  reader  it  referred 
to  capsule  susisary  p-20.  Only  the  brief  portion  of 
the  paper  dealing  with  human  response  will  be  sum¬ 
marized  here. 

Two  mam  conclusions  concerning  human  response  were 
reacned  as  a  result  of  coener.ts  made  by  observers 
of  these  flights; 

1.  In  cases  where  measured  ground  pressures 
exceeded  values  of  about  1  psf  for  a  steeply 
rising  wave  shape,  most  observer*  considered 
the  noise  objectionable  and  likened  it  tc 
close-by  thunder, 

2.  There  was  an  indication  that  the  wave  shape 
might  be  as  important  as  the  pressure  magni¬ 
tude  with  regard  to  observer  reaction. 

This  was  one  of  the  first  controlled  flight  experi¬ 
ments  i r.  which  an  attempt  was  cade  to  relate  the 
reactions  of  observer*  to  measured  sonic  boom  over¬ 
pressures. 

KRSC-I 

SOKE  SPECIAL  PROBLEMS  CONNECTED  KITH  SUPERSONIC 

TRANSPORTS 

Bo  Lund berg 

Symposium  on  Supersonic  Transport,  Vci.  2,  Working 
Papers.  IA7A  14th  Technical  Conference,  Montreal, 
April  1?-21,  1961 

This  pater  deals  with  sonic  boem.s  and  cosmic  radia¬ 
tion  as  related  tc  ccnseruial  supersonic  aviation. 
Only  the  discussion  dealing  with  sonic  booms  will 
be  summarized  here. 

The  discussion  concerning  sonic  booms  is  very 
general  ar.d  deals  mainly  with  their  effect  on 
people.  The  basi';  conclusions  reached  are  the 
foil. wing: 

1.  Fr*ssur<-  rises  at  ground  level  caused  by  a 
r-ipersonic  airliner  -aulu  be  unacceptable 
fur  operation  ever  both  densely  and  sparsely 
pcpulitcd  land  areas,  because  of  disturbance 
",  people  and  risk  of  damage  to  property  and 
parr  ">  animals. 

2.  .fs  and  their  passengers  and  crews  would 
fc-  similarly  affected  by  over-water  opera- 
ti-.'.i:  it  therefore  sees*  probable  that  super- 
tar.;.  flights  between  the  continents  wsuld 
alev  encounter  heavy  opposition. 

s.  h  u-Jy  of  possible  scheduling  for  North 

At .  mt ic  flights  shoved  that  for  this  schedul¬ 
ing  *(,  tie  seven tent  and  allowing  reasonable 
turn-around  times,  it  will  hardly  he  possible 


to  utilize  a  supersonic  airliner  for  more  than 
one  return  flight  per  24~hcur  day. 

This  is  a  very  general  discussion  which  was  made  at 
a  time  when  very  little  was  definitely  known  con¬ 
cerning  the  effects  of  sonic  booms  on  people  and 
structures.  Many  of  the  above  conclusions  are  based 
on  personal  conjecture  by  the  author,  especially 
those  concerning  danger  to  animals  and  operation 
over  water  and  sparsely  populated  areas. 

HKSC-3 

SOKE  SPECIAL  PRGBLIXS  CONNECTED  WITH  SUPERSONIC 

TRANSPORT 

Bo  Lundberg 

The  Aeronautical  Research  Institute  of  Sweden, 

FTA  Memo  PE-U,  1961 

This  paper  is  the  same  as  the  one  discussed  in 
capsule  summary  HKSC-2.  The  reader  is  referred 
to  that  capsule  summary. 

HRSC-4 

SUBJECTIVE  RESPONSE  TO  SONIC  BANGS 

M.  J.  Clarke  and  J.  F.  Kilby 

C.  P.  No.  388,  British  A.R.C.,  X962 

In  this  report  the  response  of  the  ear  to  short 
duration  bursts  of  noisa  is  discussed.  The  informa¬ 
tion  is  used  in  an  attempt  to  predict  human  reaction 
to  sonic  booms  heard  inside  and  outside  a  building. 

The  presaure  waveform  heard  by  an  observer  on  the 
ground  is  assuittd  to  be  in  the  form  of  a  simple 
N-wave.  The  time  interval  between  front  and  rear 
shocks  is  estimated  tc  be  C.20  -  0.25  seconds  for 
e  slender  delta  airliner  flying  at  M  *  1.8  at 
60,000  feet. 

For  a  range  of  values  of  beem  duration,  the  trans¬ 
mission  leas  based  on  peek  levels  is  estimated  for 
typical  window  pane  sizes  and  thicknesses  and  is 
found  to  very  between  12  end  40  dB,  the  higher 
values  being  for  Mailer,  thicker  panes.  Sound 
levels  inside  a  building,  neglecting  reverberation 
effects,  are  estimated,  assuming  a  peak  pressure 
level  for  the  shock  wave  of  1  psf,  to  be  between 
60  and  110  dZ. 

Fcr  a  large  room  it  is  estimated  that  the  reverber¬ 
ant  effect  increases  the  apparent  loudness  inside 
by  about  5  dB  which  with  a  transmission  loss  for 
that  particular  case  of  about  15  dB,  results  in 
an  apparent  decrease  in  loudness  inside  the  room, 
relative  to  the  outside,  of  about  10  d».  This 
means  that,  neglecting  the  effect  cf  surprise,  a 
sonic  boom  in  this  case  will  be  less  frightening 
when  heard  inside  then  when  heard  outside.  A 
similar  conclusion  is  reached  when  considering 
smaller  rooms  equivalent  ir.  size  to  living  rooms 
in  a  house. 

The  conclusion  reached  in  this  paper  that  a  sonic 
boom  will  be  less  frightening  when  heard  inside 
than  when  heard  outside  does  not  agree  with  the 
later  experimental  findings  of  tread  bent  and  Robinson 
(see  capsule  summary  HRsc-B) .  They  found  that  the 
upper  limit  of  acceptable  Doom  overpressure,  as 
measured  outdoors,  was  2.3  psf  when  baard  outdoors 
and  1.5  psf  whon  heard  indoors.  The  disparity  be¬ 
tween  those  results  and  the  results  of  the  present 
paper  may  be  due  to  the  neglect  in  the  pressnt  paper 
of  the  effect  of  startla  and  e  correct  accounting 
of  the  effect  room  vibration. 


100 


FTW^WlWFra^  HWIflf  WW*  WffMM  HlllWroiiOTTi)|TPHi|»|l 


s 


hrsc-5 

GAININ'"  PUBLIC  ACCEPTANCE  CF  SONIC  BOCH  PHENOMENON 

through  public  relations 

William  H.  Martin 

M.  S.  Thesis,  Boston  School  o I  Public  Relations 

and  Communications,  AD  404458,  1963 

This  study  attempts  to  shov  how  the  United  States 
Air  Force  has  applied  an  intense  program  of  public 
relations  toward  gaining  public  tolerance  of  sonic 
boons.  The  Air  Force  campaign  of  briefings,  pub¬ 
licity,  and  handling  of  citizens*  complaints  was 
investigated  through  inspection  of  Air  Force 
official  records  and  joint  Air  Forcc-coeEercial 
campaign  materials. 

As  a  result  ct  the  study  of  the  technique  used  by 
the  Air  Free ,  the  following  conclusions  were 
reached  concerning  a  public  relaticns  program 
aimed  -it  gaining  public  acceptance  of  sonic  beats 
generated  by  commercial  supersonic  transports: 

i.  Any  program  of  public  relations,  to  be 

successful,  would  require  the  fulfillment  cf 
a  social  responsibility  that  made  every  ccn- 
sideraticn  for  the  public's  peace  of  mind  m 


A  public  philosophy  would  be  needed  which  Sjp- 
a  constant  finger  on  the  pulse  cf  public  opin¬ 
ion ,  and  reacted  with  prompt  measures  to 
counteract  ary  unfavorable  trends  ir,  publi. 
cpir.isn.  This  would  require  a  staff  cf  public 
relations  experts  who  would  personally  inves¬ 
tigate  any  claims  of  damage  done  by 
commercial iy-caused  booms,  and  the  exercise 
cf  a  sincere  concern  for  the  rights  of  the 
individual.  In  cases  wherein  responsibility 
for  damage  can  be  shown  to  rest  on  the  commer¬ 
cial  firms,  payment  trust  be  prompt  and  com¬ 
plete. 

The  "control  cf  truth"  must  be  handled  in  such 
a  v.ay  that  individuals  likely  to  hear  booms 
from,  cot  erciai  plar.es  will  know  what  to 
expect  and  know  that  the  airlines  have  planned 
their  flights  sc  that  the  minimum  disturbance 


Id  be  caused  or.  the  gr 
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A  preliminary  program,  of  pr-usotior.  of  super¬ 
sonic  aircraft  would  likely  .;*:  necessary  tc 


for  the  noises  of 


f ! ights. 
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with  some  genera 11>— accepted  theme  would  be 
highly  desirable  in  order  la  form  ir.  the  am 
of  the  general  public  a  "good  image."  This 


association  vsuio  in  .2 
sary  to  persuade  tne  s 
de  not  fly  on  -icmer:. 
commercial  booms. 
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this  is  or.e  of  the  few  r. i ud : e  ■ 
lie  relations  and  the  sonic  boon,  ".at.y 
conclusions  were  reinforced  fc-y  the  Gklai.c 
Sonic  boos  urogram  (tee  apsuie  swraars*! 
and  HRSC- 14). 
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HA  SC -6 

ON  THE  SUBJECTIVE  ASSESSMENT  OF  SONIC  BGCMS 

E.  J.  Ricliards 

Aeronautical  Research  Council  Report  No.  A.S.C.  25899, 

N.  291.  Hay  il,  1964 

The  object  of  this  paper  is  to  point  cut  some  of  the 
parameters  -At  affect  subjective  response  to  sonic 
booms,  ilone  of  these  parameters  are:  (a!  gegne  cf 
minority  opinio:.  const i tut i:>g  *  nuisance,  (d!  fre¬ 
quency  a:  ocsune.tce,  (c;  time  of  day  or  night, 

(d;  mature  cf  the  K-wave  bus  aircraft  at  various 
heights  and  speeds,  tel  indoors  or  outdoors, 
if;  ground  floor  or  upstairs,  (gj  types  of  windows 
and  room  * everber at ion,  and  (hi  reflections  and 
focussing. 

Based  upon  the  tentative-  examination  of  each  of 
these  parameters  the  foi.  rung  conclusions  were 
reached: 

X.  The  establishment  of  the  overpressure  ampli¬ 
tude  in  ideal  conditions  is  only  a  starting 
point  for  the  establishment  of  a  critical 
(acceptable!  level.  There  are  many  other 
parameters  that  are  equally  if  not  more  im¬ 
portant.  These  variables  say  possibly  ail, 
in  seriously  adverse  conditions,  modify  the 
acceptability  by  a  factor,  equivalent  to  a 
reduction  of  the  sonic  boom  amplitude  to  a 
quarter  of  its  original  strength. 

2.  The  factors  involved  are,  ir.  practice,  all 
hopelessly  inter-related.  A  final  accept¬ 
ability  judgment  will  probably  be  possible 
only  after  extensive  co:  -.rolled  supersonic 
flights  -.ver  pop: Sated  areas  are  cade. 

Host  of  the  early  paiasetric  studies  involving  the 
effect  of  sonic  ooor.  constraints  on  airplane  de¬ 
sign  and  perforrtir.ee  dealt  only  with  the  sonic  boos 
overpressure  (sec  capsule  summaries  CAP-2,  OAP-4, 
CAP- 5,  OAF- -6.  OAP-7  and  OAP-3)  .  This  paper  -was  cr.e 
of  the  earliest  to  point  out  that  there  are  other 
characteristics  of  tne  sonic  boos  pressure  sig¬ 
nature  that  are  just  as  important  as  overpressure, 
and  minimizing  overpressure  will  not  necessarily 
minimize  public  annoyance. 

HPSC-7 

ANALYSIS  CF  POPULATION  SIZE  IN  THE  .  aSIC  EFFECTS  ECHE 

ALONG  LIKE.*  Y  SET  ROUTES 

5.  Baughman,  A.  Whiting,  D.  Finley,  J,  Andrew 

O.  Scehring,  R.  Ferris,  and  G.  Sexton 

Federal  Aviaticr  Agency,  sst  Mcmor indue  Nj.  5CT. 

October  1964 

Thii  i s  u  rspert  or*  a  preii-iwr/  gL^y  tc  d?  ler- 
mine  the  effects  or.  population  resulting  from 
supersonic  transport  operation.  Fc:  the  pu-ioses 
of  this  study  the  SST  flights  are  considered  to  be 
fro«s  1200  to  3470  n.  siiles  ?n  length,  and  th«  scr.it 
boos  effects  -one  is  defined  es  »  strip  50  r,  ssie-s 
wide  extending  along  the  routes  except  for  l!»3  n- 
milc  segments  at  origin  and  destination  wh : c !  are 
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ton  selected  international  great  circle  routes  are 
determined  on  the  basis  of  the  1960  census  and  a 
population  forecast  for  1975.  Route  populations 
ate  also  obtained  for  modified  domestic  and  inter¬ 
national  routes  configured  to  u'.uid  high  population 
density  areas  and  for  domestic  routes  running 
parallel  to  the  great  circle  routes.  A  further 
analysis  was  made  to  estimate  the  number  of  sonic 
booms  expected  to  affect  various  portions  of  the 
United  States  population  during  a  given  twenty- 
four  hour  period. 

The  following  cc  fusions  were  reached  as  a  result 
of  tins  analysis: 

1.  The  medium  range  route  from  New  York  to  Denver 
was  found  to  be  the  domestic  rout’  affecting 
the  largest  population.  The  longer  route 
from  Los  Angeles  to  Boston  involved  the  sec¬ 
ond  largest  number  of  inhabitants. 

2.  A  comparison  made  of  the  number  of  inhabitants 
affected  by  oveiflight  along  five  great  circle 
routes  and  modified  routes  indicated  that  a 
reduction  route  population  by  a  factor  of 
ten  may  occur  when  the  slightly  longer  routes 
between  these  points  are  used.  The  great 
circle  route  between  New  York  and  Houston, 
however,  was  found  to  include  a  staller  number 
of  inhabitants  than  either  of  the  two  modified 
routes  selected  to  avoid  high  population 
centers. 

3.  For  the  -outs  structure  inves -igatc  ee 
table  below,  which  was  taken  from  t  paper), 
it  was  found  that  over  80%  of  ihtr  land  area 
and  slightly  over  60%  of  the  population  woe  d 
be  subjected  to  sonic  booms.  About  23%  of  the 
total  area  and  2'!%  of  the  population  would  be 
subjected  to  average  daily  rate  of  10  or 
more  b  >ms.  Four  percent  of  the  land  ,-ea 
and  slightly  ever  1%  of  the  population  would 
fall  within  the  35-51  boom  category. 
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4.  Jt  may  i,e  (.uS5ibie  to  r"duce  Uio  size  of  the 
35-51  zone,  but  to  eliminate  the  highest 
region  entirely  seemed  difficult  since  some 
of  it  *js  caused  by  the  'navi table  coalesc¬ 
ing  of  router.  coming  into  Los  Angeles. 


5.  There  are  certain  factors  which  will  greatly 
limit  the  extent  to  which  high  boom  areas  and 
the  number  of  people  affected  can  be  reduced. 
These  are:  (a)  There  is  alre.  'v  a  high  con¬ 
centration  of  people  in  the  zone  receiving 

no  booms;  it  is  doubtful  that  flights  could 
be  shifted  in  such  a  manner  as  to  increase 
greatly  the  number  of  people  in  this  region, 

(b)  The  amount  of  area  covered  by  individual 
flights  is  minimal  when  the  routes  are  direct. 
Dog-leg  routes  increase  the  area  affected; 

(c)  Rerouting  flig _  Co  go  over  the  Gulf  of 

Mexico  would  be  of  small  benefit  since  the 
area  near  the  Gulf  is  already  in  a  low  boom 
range;  (d)  Rerouting  flights  in  the  high- 
frequency  zones  to  areas  that  are  not  boomed 
would  offer  no  improvement  because  most  of  the 
boom-free  area  is  near  uhe  coast;  flying  along 
the  coast  would  boom  new  areas  and  would  not 
lessen  the  number  of  booms  received  in  the 
central  regions. 

6.  On  the  basis  of  the  1960  population  census, 
flights  from  New  York  to  Tel-Aviv  and  Paris  to 
Capo  Town  affect  26.5  and  27.5  million  per¬ 
sons — the  largest  numbers  for  the  inter¬ 
national  routes  selected. 

7.  By  following  modified  "copula tier. -avoidance" 

routes,  the  popu’atious  affected  along  the 
New  York  to  Tel-Aviv  or'  "  =  to  Capo  Town 

routes  were  reduced  in  n  -  cm  26.5  to 

9.7  million  and  27.7  to  (,.S  ...  ion. 

This  is  a  very  significant  report  in  that  this  is 
the  most  extensive  investigation  conducted  con¬ 
cerning  the  number  of  people  that  would  be  exposed 
to  sonic  booms  if  overland  commercial  supersonic 
flight  ever  became  a  reality. 

HRSC-8 

SUBJECTIVE  MEASUREMENTS  OF  THE  RELATIVE  ANNOYANCE 
OF  SIMULATED  SONIC  BANGS  AND  AIRCRAFT  NOISE 
D.  F.  Broadbent  and  D.  W.  Robinson 
Journal  of  Sound  and  Vibration,  Vol.  1,  No.  2, 

1964,  pp.  162-174 

The  purpose  of  the  experiments  reported  in  thin 
paper  was  to  provide  some  rough  estimate  of  the 
.-vei  at  which  sonic  booms  might  become  more 
■:*'  :oyir,g  than  ordinary  aircraft  noises.  A  second¬ 
ary  pur;  iso  of  the  experiment  was  to  study  the  way 
in  which  reported  annoyance  increased  as  the  sound 
pressure  level  increased. 

"xper ine:.t,o  were  conducted  on  a  total  cf  seventy- 
n.ne  subjects,  in  these  experiments  they  wei . 
asked  to  estimate  the  relative  annoyance  of  the 
so\., id  of  a  jet  aircraft,  a  piston-engined  air¬ 
craft.  and  sonic  booms,  each  of  which  was  re¬ 
produced  electronically  at  various  levels.  For 
the  Sonic  booms,  a  sound  typical  of  that  heard 
inside  a  building  was  chosen.  There  were  short¬ 
comings  in  the  reproduction  of  all  three  types  of 
aircraft  sounds.  The  jet  aircraft  and  piston- 
erj-.ned  aircraft  noise  reproduct. o:is  both  contained 
too  muen  energy  at  high  frequencies.  The  rep.  - 
duced  sonic  boom,  was  considerably  degraded  com¬ 
pared  with  the  original  due  to  frequency  response 
limitations  cf  the  tape  :».c>i^or  available  at  the 
time  and  of  tr.r-  loud  speuVci  equipment,  as  well  as 
tee  vC-jm.  lecisti  ?.  Th*.  principal  deficiency  if, 

•  '.e  reproduce.!  wr.i  boor,  was  lauk  of  bus-  response, 
appreciate  ’  at  r‘0  cycies/soc  and  almost  total  below 
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!0  cycles/s oc ,  although  the  original  boom  contained 
'i-st  of  its  energy  at  still  lower  frequencies. 

Vhe  experir.ieir a  1  procedure  was  as  follows:  Each 
ot  the  subjects  was  asked  to  listen  to  the  sound 
r.  I  no  jet  aircraft  (at  a  prescribed  level)  and  to 
regard  that  sound  as  representing  10  units  of 
-inn  yance.  Another  sound  was  presented  immediately 
at  it* t  the  presentation  of  this  standard  sound.  This 
:  iJlil  in*  the  jet  noise  again,  the  piston  driven 
ureuCt,  or  a  sonic  boom.  The  level  could  take 
any  one  of  five  values.  Regardless  of  the  nature 
•  i  !h.  setond  sound,  the  listener  was  to  indicate 
e  number  of  units  of  annoyance  which  he  would 
*:.ink  appropriate  to  it,  as  compared  to  the  stand- 
sound  of  10  units. 

- - •  results  showed  that  the  increment  necessary  to 
•  *onl>!e  annoyance  in  the  case  of  the  jet  and  piston 
an  cl  aft  sound  was  about  13  FNdB.  The  rate  of  in¬ 
crease  of  annoyance  with  level  was  greater  in  the 
->so  of  the  sonic  booms,  about  10  dB  for  doubling. 

relating  the  reproduced  noise  levels  to  their 
origin, ti  values  it  was  concluded,  with  some 
reservations  due  to  the  experimental  limitations, 
•ha'-  the  upper  limit  of  acceptable  sonic  booms 
(as  heard  in  domestic  interiors)  is  about  1.9  psf 
initial  pressure  jump  measured  on  the  ground  in 
the  open.  This  figure  is  based  on  the  value  of 
110  FNdB  as  the  acceptable  limit  for  conventional 
aircraft  sounds. 

In  a  later  investigation  (see  t  apsule  summary 
iiRSC-10)  Pearsons  and  Kryter  obtained  results 
very  similar  *-o  those  of  the  present  study. 

The  simulated  sonic  booms  of  that  investigation 
wore  of  a  much  better  quality  than  those  of  the 
[  resent  experiment,  however. 

This  is  a  significant  paper  in  that  this  was  one 
„f  the  earliest  attempts  to  estat’ish  an  accept¬ 
ability  criterion  for  sonic  booms. 

.-'-■fir:;  tty  reactions  to  sonic  booms  in  the  Oklahoma 

C! TV  AREA 

Pau .  Borsky 

Aetos|«icc  Medical  Research  Laboratories,  Wright- 

Patterson  Air  Force  Base,  Ohio,  AMRL-TR-65-37 , 

Voi .  1,  February  1965 

This  report  presents  the  results  of  a  public 
opinion  survey  conducted  in  conjunction  with 
toe  Oklahoma  City  sonic  boom  tests  of  1964. 

In  tnose  tests  a  total  of  1253  sonic  booms 
v ere 'generated  m  the  Oklahoma  City  area  over  a 
period  of  six  months,  from  February  to  July 
'•964.  The  intensity  of  the  booms  was  scheduled 
lor  i.S  psf  for  most  of  the  study  and  for  2.0 
f.,f  during  the  latter  stage.  Atmospheric  con¬ 
ditions  and  other  practical  problems,  however, 
tended  to  reduce  somewhat  the  actual  average 
intensities  of  the  booms  under  the  flight  track 
t-j  1.13  during  the  first  ll  weeks,  1.23  psf  dur¬ 
ing  the  next  eight  weeks,  and  to  1 .60  psf  during 
the  final  seven  weeks  of  the  program. 

Almost  3000  adults  >-eproseriting  a  scientifically 
seSected  cross-section  of  local  residents  were 
personally  interviewed  three  times  during  the 
s.x-month  period  to  determine  their  reactions  to 
the  sonic  booms.  In  addition,  careful  tecords 
were  kept  of  all  complaints  received  by  ^he  local 


Federal  Aviation  Agency  representatives.  The 
analyses  of  these  representative  interviews  and 
local  records  are  included  in  this  report. 

Volume  II  of  this  report  (see  capsule  summary 
HRSC-14)  presents  the  data  obtained  m  this  in¬ 
vestigation  in  much  more  depth  than  the  present 
volume.  The  analysis  of  the  data  is  also  much 
more  extensive  in  Volume  II.  The  reader  is  re¬ 
ferred  to  the  capsule  summary  of  Volume  II  for  a 
summary  of  the  conclusions  reached  as  a  result 
of  this  investigation. 

HR  SC-10 

LABORATORY  TESTS  OF  SUBJECTIVE  REACTIONS  TO 

SONIC  BOOM 

K.  S.  Pearsons  and  K.  D.  Kryter 

NASA  CR-187,  March  1965 

The  results  of  a  laboratory  test  whose  purpose 
was  to  investigate  subjective  reactions  to  sonic 
booms  are  presented  in  this  paper.  Subjects  com¬ 
pared,  in  a  special  laboratory  chamber,  the  subject¬ 
ive  acceptability  or  noisiness  of  sonic  booms 
(simulated)  that  would  be  heard  outdoors  and  in¬ 
doors  with  the  sound  of  subsonic  jet  aircraft  and 
bands  of  filtered  white  noise.  The  subjective 
acceptability  of  the  booms  was  expressed  in  terms 
of  equivalent  perceived  noise  level  in  PNdB. 

(The  use  of  this  procedure  was  not  meant  to  imply 
that  a  "PNdB“  value  can,  or  should,  be  calculated 
for  a  sonic  boom;  the  PNdB  values  used  refer  to 
the  calculated  peak  perceived  noise  level  cf  the 
flyover  sound  if  a  subsonic  jet  aircraft  that  is 
judged  to  be  subjectively  as  acceptable  as  a 
given  sonic  boom.) 

The  simulation  facility  used  in  these  tests  is 
described  in  capsule  summary  SM-  I  . 

The  20  subjects  for  these  tests  consisted  of  12 
college  students,  2  engineers,  2  technicians,  an 
architect,  2  housewives,  and  an  arti3t.  Their 
median  age  was  21,  and  they  consisted  of  an  equal 
number  of  males  and  females.  Each  subject's 
hearing  was  tested  and  found  to  be  normal. 

The  outdoor  booms  used  in  the  tests  were  essen¬ 
tially  N-waves.  As  measured  inside  the  chamber, 
they  had  durations  of  150  milliseconds  and  peak 
overpressures  of  41b /ft2  and  2.3lb/ft2. 

For  comparison  with  the  sonic  booms,  three  stimuli 
were  chosen.  Two  were  recordings  of  aircraft 
flyovers  near  takeoff  while  the  third  was  a  1/3 
octavo  band  of  noise  with  a  2  second  rise  time 
(the  time  from  a  level  20  dB  below  peak,  to  start 
of  peak  level),  a  2  second  duration,  and  a  2  second 
decay  time  (the  time  from  end  of  peak  level  to  a 
level  20  dB  below  the  peak). 

During  the  testing  sessions  each  subject  was 
asked  to  adjust  the  sound  level  of  the  comparison 
noise  until,  it.  his  opinion,  it  was  just  as  ac¬ 
ceptable  as  the  standard. 

In  another  aspect  of  the  ->xperiment  an  electro¬ 
cardiograph  was  used  to  monitor  the  subject 's 
heart  during  a  session  in  winch  he  was  exposed 
(with  no  foreknowledge  t.nat  it  would  happen)  to 
ten  sonic  lx>oms  over  a  period  of  ten  minutes  while 
listening  to  relaxing  music.  The  purpose  of  this 
experiment  was  to  investigate  the  startle  effect 
of  the  booms  and  to  determine  how  well  the  sub- 
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jects  become  accustomed  to  the  repeated  boom*. 

As  a  result  of  this  investigation  the  following 
conclusions  were  reached: 

2 

1.  A  sonic  boom  of  2.3  lb/ft  measured  outdoors 
may,  m  real  life,  be  found  generally  ob¬ 
ject  tenable  when  heard  indoors  inasmuch  as: 

(a)  the  laboratory  tests  showed  that  a 
2.3  lb/ft*  boom,  measured  outdoors  but 
heat'd  indoors,  would  be  equivalent  in 
acceptability  to  the  sound  heard  indoors 
of  a  subsonic  aircraft  flyover  measuring 
about  1.3  PNdB  outdoors  or  about  98 
PNdB  if  measured  indoors;  and 

(b)  the  sounds  of  conventional  aircraft  at 
110-112  PNdB  outdoors  (measuring  97  PNdB 
indoors)  are  generally  thought  to  be  near 
the  upper  limit  of  tolerable  noise  levels 
and  are  the  levels'  experienced  by  people 
who  are  situated  no  more  than  2-3  miles 
from  the  runway  (4-5  miles  from  start  of 
takeoff)  of  a  commercial  airport  and 
directly,  or  nearly  so,  under  the  flight 
path. 

2.  A  sonic  boom  of  2.3  lb/ft-  measured  outdoors 
will  probably  not  be  generally  objectionable 
in  real  life  when  heard  outdoors  inasmuch  as: 

(a)  m  the  laboratory  tests,  the  subjects 
judged  a  sonic  boom  having  a  peak  over¬ 
pressure  of  2.3  lb/ft^  to  be  equivalent 
to  the  sound  of  a  subsonic  aircraft  at 
95.5  PNdB. 

(b)  95.5  PNiB  hear;  outdoors  is  thought  to  be 
tolerable  inasmuch  as  this  is  c  <nsider- 
ably  less  than  the  112  P!ld3  now  exper¬ 
ienced  by  seme  people  near  airports. 

3.  Startle  reactions  to  sonic  booms  will  probably 
not  he  a  significant  factor  as  a  cause  of 
annoyance  with  repeated  regular  exposures  to 
sonic  booms  :.av mg  outdoor  peak  overpressures 
of  at  least  2.3  ib/ft2  inasmuch  as  this  study, 
as  have  others,  shows  that  man  adapts  both 
physiologically  and  psychologically  with  re¬ 
peated  exposure  to  sounds  of  this  intensity. 

Broadfccnt  and  Robinson  (see  capsule  summary  HRSC-8) 
conducted  a  study  that  was  very  similar  to  the  pre¬ 
sent  one.  They  found  that  a  sonic  boom  recorded 
indoors  and  having  an  outdoor  peak  overpressure  of 
1.9  lb/ft-  would  be  judged  to  be  equally  annoying 
as  the  sound  of  a  subsonic  jet  or  piston  aircraft 
at  98  PNdE.  It  is  pointed  out  in  the  present 
report  tr.at  adjusting  the  peak  overpressures  in 
the  two  studies  to  be  equal  would  result  in  equal 
PNdB  vai  las.  The  agreement  between  the  results  of 
the  two  studies  indicates  that  those  results  have 
some  validity. 

This  was  an  excellent  investigation,  providing 
several  significant  contributions  to  the  state  of 
knowledge  concerning  acceptable  sonic  boom  over¬ 
pressure  levels  produced  by  N-wave  shaped  sig¬ 
natures. 


HRSC-ll 

OKLAHOMA  CITY  SONIC  BOOil  STUDY:  FINAL  PROGRAM 
SUMMARY 

Federal  Aviation  Agency,  Report  No.  SST  65-3, 

March  17,  1965 

This  publication  provides  a  final  summary  of  the 
Oklahoma  City  program  in  all  of  its  aspects.  As 
integral  elements  in  the  Oklahoma  City  program, 

II)  precise  measurements  of  sonic  boom  overpres¬ 
sures  m  various  geographical  locations  were  re¬ 
corded  and  analyzed  (see  capsule  summary  s-15) , 

(2)  meteorological  effects  on  sonic  boom  were 
studied  (see  capsule  summary  P-42),  (3)  nine  test 
houses  in  different  parts  of  the  boom  area,  and 
two  test  hoi  ses  outside  the  boom  area,  were 
rented  for  instrumentation  and  observai  ior.  as 
"control"  structures  (see  capsule  summary  SR-12), 
and  (4)  a  public  opinion  survey  was  conducted 
(see  capsule  summary  HRSC-14) . 

The  reader  is  referred  to  the  capsuie  surmat  ms 
above  for  details  of  the  studies  conducted  m 
each  of  these  areas. 

In  the  present  paper  a  brief  description  of  the 
investigations  conducted  in  each  of  the  four  areas 
is  presented.  The  bulk  of  the  paper,  however, 
discusses  the  manner  m  which  claims  for  sonic 
boom  damages  were  handled.  The  claims  piocodurc 
was  as  follows: 

1.  Statutory  authority  for  tne  scttle-mut  of 
claims  for  damage  arising  from  the  non¬ 
combat  activity  of  the  Air  Force,  such  as  from 
the  sonic  booms  generated  by  Air  Force  air¬ 
craft  participating  in  the  boom  flights  over 
the  Oklahoma  City  area,  is  contained  m 
Section  2733,  Title  10,  United  States  Code. 
This  law  was  implemented  through  appro¬ 
priate  directives  which  provide  for  pre¬ 
senting  and  processing  such  claims. 

2.  Damage  claw,  flies  sent  to  Tinker  <M:  Force 
Base  were  in  each  instance  reviewed  by 
claims  officers  experienced  in  the  adju¬ 
dication  of  sonic  boom  claims.  Fir...l  actio: 
was  taken  at  that  office  or.  claims  o'.  .‘1,690 
or  less,  ail  others  being  forwarded  to  lies  !- 
quarters,  United  States  Air  Force,  Washinut 
D.  0.,  where  claims  of  S5,  OC  or  leu;  we:  e 
acted  upon  by  the  Judge  Ac.vccate  ‘"-.i.urnl , 
United  states  Air  Force. 

3.  All  appeals  from  adve’^c  uacisit  ns  ..n  th.su 
claims  wore  acted  or  by  the  Secretary  cf  tl.< 
Air  Force. 

4.  The  basis  upon  which  clams  were  in¬ 

cluded  (1)  eyewitness  reports,  !2)  ri.cog- 
n.tior.  of  possible  "triggering"  effect  of 
sonic  boom  ovt  "pressures,  and  (3)  absence  of 
engineering  cviderce  that  the  boom  dLd  net 
cause  the  damage  - 

5.  A  large  majority  of  disapproved  claims  aileced 
that  plaster  or  shcotrock  tracks  >r  v.» ils  sr.d 
ceilings  were  caused  by  seme  booms,  only  ,r 
those  cases  where  a  professionii  .r.c.rcer 
equivocally  stated  that  :,ene  of  ihe  damage 
resulted  from  sonic  booms  was  disappr  ca 1 
action  taken. 
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6. -  In  evaluating  plaster  and  sheetrock  damage 

claims,  (1)  the  engineers  report,  (2)  other 
complaints  of  damage  from  the  same  geograph¬ 
ical  area,  <31  such  circumstances  as  the 
freshness  of  the  cracks,  the  presence  or  ab¬ 
sence  of  plaster  dust  or  particles,  and 
(4)  the  age  and  condition  of  the  building 
were  all  thoroughly  considered. 

7.  When  it  was  determined  the  pre-existing 
plaster  and  sheetrock  defects  were  aggravated 
by  an  Air  Force-generated  sonic  boom,  the 
award  reflected  appreciation  and  improvement 
resulting  from  repair. 

8.  Every  effort  was  exerted  to  insure  that  just 
and  reasonable  decisions  were  made  or.  these 
claims  within  the  authority  granted  the  Air 
Force. 

The  value  of  this  paper  lies  mainly  in  its  descrip¬ 
tion  of  the  claims  procedure  used  in  the  Oklahoma 
T'-ty  tests. 

HRSC-12 

HUMAN  RESPONSES  TO  SONIC  BOOM 
Charles  W.  Mixon 

Aerospace  Medicine,  Vol.  36,  No.  5,  May  1965, 
pp.  399-405 

This  paper  summarizes  some  of  the  data  obtained  in 
various  sonic  boom  tests  of  the  early  1960 's  in¬ 
cluding  the  St.  Louis  tests  of  1961-62  (see  capsule 
summary  HRSC-15)  but  not  including  the  Oklahoma 
City  tests  of  1964  (see  capsule  summary  HRSC-9) . 
These  data  are  summarized  in  terms  of  the  nature 
of  human  responses  and  the  manner  in  which  they 
occur,  factors  influencing  acceptance  of  the  boom, 
the  possibility  of  physiological  injury,  psycho¬ 
logical  effects,  and  some  reports  of  alleged  minor 
damage  to  property  and  their  relation  to  human 
reactions. 

Based  upon  this  summary  the  following  conclusions, 
wruch  are  of  a  preliminary  nature,  were  reached: 

1.  No  evidence  has  been  obtained  to  suggest 
direct  personal  injury  resulting  from  the 
sonic  boom.  Substantial  evidence  shows  that 
no  direct  injury  has  been  reported,  even  in 
response  to  sor.ic  boom  exposures  many  times 
greater  than  those  experienced  by  typical 
communities. 

2.  Psychological  reactions  of  individuals  are  not 

predictive  due  to  large  variations  in  the 
stimulus,  the  immediate  environment  and  the 
att. ‘■udine!  variables  which  may  be  related  or 
unrel.  the  boom  experience. 

3.  The  eoi...n  t„y  reaction  pattern  proceeds  from 
a  high  initial  negative  response  or  objection 
to  a  level  of  accommodation  and  acceptance 
where  it  may  remain  indefinitely  provided  no 
unusual  exposure  occurs. 

4..  Currently  the  most  promising  approach  to  the 
operations  problem  is  that  of  controlling 
flight  profiles  of  supersonic  missions  m 
terms  of  increased  altitudes  and  care  in 
acceleration  and  maneuvers. 

This  is  a  good  general  review  of  the  state  of  know¬ 
ledge  of  human  response  to  sonic  boom  just  prior 


to  the  publication  of  the  results  of  the  Oklahoma 
City  sonic  boom  tests. 

HR  SC -1 3 

ON  NOISE  AND  VIBRATION  EXPOSURE  CRITERIA 
Henning  E.  von  Gierke 

Archives  of  Environmental  Health,  Vol.  II, 

September  1965,  pp.  327-339 

This  paper  presents  a  discussion  of  noise  and  vibra¬ 
tion  exposure  criteria.  It  compares  the  status  of 
noise  exposure  criteria  with  the  related  field  of 
vibration  exposure.  The  portion  of  the  report  deal¬ 
ing  with  sonic  booms  is  very  brief.  It  is  pointed 
out  that  none  of  the  response  criteria  discussed 
elsewhere  in  the  report  can  be  meaningfully  applied 
to  the  evaluation  of  sonic  boom  effects.  No 
damage  to  hearing  or  any  other  harmful  physio¬ 
logical  effect  has  been  found  to  be  attributable 
to  exposure  to  pressure  waves  of  the  magnitude 
experienced  by  communities.  Disregarding  the  brief 
startle  response  (which,  it  is  hypothesized,  might 
to  some  degree  be  modified  by  adaptation  to  a  reg¬ 
ular  supersonic  transport  schedule) ,  it  is  concluded 
that  there  is  hardly  any  noteworthy  interference  with 
with  most  tasks  or  job  proficiencies.  The  discus¬ 
sion  concludes  with  a  warning  that  sonic  boom  cri¬ 
teria  resulting  from  community  response  studies  must 
be  taken  for  what  they  are:  neither  medical  safety 
criteria  nor  task  interference  criteria,  but  expres¬ 
sions  of  the  majority  of  a  population  showing  that 
it  is  willing  to  complain  and  act  against  such  noise 
intrusion  into  their  personal  lives. 

HRSC-14 

COMMUNITY  RESPONSE  TO  SONIC  BOOMS  IN  THE  OKLAHOMA 
CITY  AREA;  VOL.  II.  DATA  ON  COMMUNITY  REACTIONS 
AND  INTERPRET?'  ..IS 
Paul  N.  Borsky 

Aerospace  Medical  Research  Laboratories, 
Wright-Patterson  Air  Force  Base,  Ohio, 

AMRL-TR-65-37 ,  Vol.  II.,  October  19b: 

This  is  an  in-depth  report  on  the  resu*-c  of  a 
public  opinion  survey  conducted  in  conjunction  with 
the  Oklahoma  City  sonic  boom  tests  of  1964.  Volume 
I  of  this  report  (see  capsule  summary  HR-5)  is 
similar  to  Volume  II  except  that  instead  of  pre¬ 
senting  all  of  the  data  it  only  presents  a  summary 
of  the  data.  Also,  a  much  more  extensive  inter¬ 
pretation  of  the  data  is  made  in  Volume  II  than 
was  made  in  Volume  I. 

In  the  sonic  booms  tests  discussed  here  a  total  ot 
1253  sonic  booms  were  generated  in  the  Oklahona 
City  area  over  a  period  of  six  months,  from  Feb¬ 
ruary  to  July  1964.  The  intensity  of  the  booms  was 
scheduled  for  1.5  psf  fer  most  of  the  study  and  for 
2.0  psf  during  the  latter  stage.  Atmospheric  con¬ 
ditions  and  other  practical  problems,  however, 
tended  to  reduce  somewhat  the  actual  average  inten¬ 
sities  of  the  booms  under  the  flight  track  to  1.13 
during  the  first  11  weeks,  1.23  psf  during  the  next 
eight  weeks,  and  to  1.60  psf  during  the  final  seven 
weeks  of  the  program. 

Almost  3000  adults  representing  a  scientifically 
selected  cross-section  of  local  residents  were 
personally  interviewed  three  times  during  the  six- 
mont:  period  to  determine  their  reactions  to  the 
sonic  booms.  In  addition,  careful  records  were  kept 
of  ail  complaints  received  by  the  local  Federal 
Aviation  Agency  representatives.  The  data  gathered 
from  these  interviews  and  records  are  presented  in 
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detail  along  with  an  analysis  of  the  trends  indi¬ 
cated  by  these  data. 

The  following  conclusions  were  reached  as  a  result 
of  the  analysis  of  this  data: 

.1.  Almost  all  residents  (94%)  reported  that  sonic 
booms  caused  house  rattles  and  vibrations. 

Other  sonic  boon  interferences  with  living 
activities  were:  being  startled  (38%) :  inter¬ 
ruptions  of  sleep  (18%} ,  rest  (17%),  conver¬ 
sation  (14%),  and  radio  and  TV  (9%).  Over 
half  (54%)  of  all  persons  reported  only  house 
rattles  or  no  interferences  at  all.  Persons 
with  the  noit  favorable  views  reported  only 
36%  had  rattles  or  no  interferences,  compared 
with  73%  of  those  with  the  most  hostile  views — 
a  range  of  37%, 

2.  More  than  a  little  annoyance  with  sonic  boom 
interference  increased  from  37%  of  all  people 
during  the  first  in  'jrview  to  56%  on  the  third 
interview.  Most  of  the  increase  was  due  to 
more  intet.se  sonic  boom  exposure  during  the 
last  six  weeks  of  the  study.  On  the  third 
interview,  25%  with  the  most  favorable  views 
reported  more  than  a  little  annoyance  with 
boons,  compared  to  76%  for  the  most  hostile 
group — a  range  in  reactions  of  51%. 

3.  About  one-fifth  of  all  residents  felt  they 
had  sustained  damages  by  the  booms  during  the 
first  ar.d  second  interview  periods.  On  the 
third  interview,  almost  one-fourth  reported 
sac),  alleged  damage.  "hiring  the  six-month 
test,  38%  overall  felt  they  had  been  damaged 
by  the  booms,  with  plaster  cracks  most  fre- 
qu'.ntly  reported.  Only  7%  reported  damages 
Lhieu  times,  11%  twice,  and  20%  only  once. 
n:.iy  25%  of  persons  with  the  most  favorable 
views  reported  damages,  compared  to  56%  for 
the  most  hostile  group. 
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booms  at  the  end  of  the  study  compared  to  57% 
of  the  most  hostile  group.  Dven  40%  of  the 
persons  who  actually  complained  to  the  F.V. 
said  they  could  probably  learn  to  live  with 
the  booms. 

8.  The  FAA  public  information  program  was  very 
successful  in  reaching  residents.  About  75% 
knew  the  physical  causes  of  sonic  booms,  83% 
believed  they  could  always  recognise  the  boom, 
82%  were  aware  of  the  regular  schedule,  two- 
thirds  knew  the  purposes  of  the  boom  test,  and 
half  knew  the  six-month  duration  of  the  test . 

9.  Most  residents  were  favorably  disposed  towus  : 
the  sonic  boom  test.  Over  half  (52*j  felt 
the  local  booms  were  absolutely  necessary 
the  first  interview,  and  38%  felt  this  way  on 
the  last  interview.  Almost  throe-fourths  of 
all  residents  felt  that  aviation  was  extremely 
important  to  local  welfare  ar.d  two-lr.i  iris 

all  persons  felt  the  development  of  tne  oST 
was  necessary.  About  one- third  of  ail  resi¬ 
dents  had  personal  or  lamilv  connections  with 
the  aviation  industry. 

10.  Respondents  who  had  personal  ot  family  con¬ 
nections  with  the  aviation  industry  ivpotted 
the  sane  reactions  as  persons  with  no  aviation 
connections. 

11.  Respondents  who  did  not  cuiieve  others  -sru„U 
report  their  complaints  about  the  boons  even 
if  annoyed  by  them,  generally  reported  10-20% 
less  hostile  reactions  toward  the  booms.  The 
esclusion  of  these  potentially  biased  respond¬ 
ents  from  the  computations  of  total  area 
responses  increased  hostile  sonic  boom 
reactions  by  2-5%. 

12.  Reactions  of  urban  ar.d  rural  residents  to 
sonic  booms  wore  essentially  the  same. 


4,.  Oklahoma  City  residents  generally  have  a  low 
general  complaint  potential.  Only  24%  even 
felt  like  writing  or  calling  an  official  about 
a  serious  local  problem,  and  less  than  half 
(10%)  actually  followed  through  and  did  call. 

5.  Only  22%  of  ail  residents  felt  like  complain¬ 
ing  about  the  sonic  booms  at  the  end  of  the 
study,  and  only  5%  actually  did.  Those  with 
the  most  favorable  attitudes  toward  booms 
reported  that  only  3%  ever  feir  like  complain¬ 
ing  about  the  booms  and  only  2%  actually  did. 
In  c -intrast ,  37%  of  the  most  ncstile  group 
felt  like  complaining  and  ’c%  actually  did. 

6.  Widespread  feelings  of  futility  in  complain¬ 
ing  probably  contributed  to  the  low  levels 
of  Complaint.  Only  4%  felt  that  corapiaininq 
had  a  "very  good"  chance  of  reducing  the 
booms,  and  another  10*  felt  that  complaining 
had  even  "good"  chance  of  accomplishing 
something. 


7.  The  vast  majority  of  residents  t'eit  they 
could  learn  to  five  with  sonic  booms.  Over 
90%  felt  they  could  accept  eight  booms  per 
day  indefinitely  on  the  first  interview,  and 
73%  felt  this  way  at  the  end  of  the  six-menth 
period,  /-bolt  92%  of  persons  with  the  nost 
favorable  view.  :;aic  the/  could  accept  in- 
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13.  The  actual  sonic  boom  overpressures  expet  - 

fenced  i>y  Oklahoma  City  residents  during  t.-.e 
six-mcnth  test  were  generally  IcSs  the 

programmed  levels.  Oui i:.g  the  last  s.x 
weeks  of  the  test,  however,  over  60%  af 
booms  equalled  or  exceeded  ; . 5  psf  in  the 
closest  areas. 

14.  Answers  ti  speculative  types  cr  questions 
suggest  that  fewer  residents  tntr.k  they  -an 
accept  mg-.c  booms.  e  direct  ieseutch 
this  problem  is  needed  before  :,rm.  i .  to  -no., 
can  be  maa«s. 

15.  Persons  who  actually  complained  to  v F.v 
were  the  most  intensely  annoyed  and  most 
hostile  toward  the  AST.  They  we: e  not  -hr  n:c 
grir.ern  aia  iikau  their  areas  3s  well  a-,  r.c  - 
complainers.  "'hey  were  equally  sen:;)  ti  •-* 
noise  in  genera),  but  re|«rted  3-4  time-  r.rc 
sonic  )>oom  interference,  four  times  more 
annoyance,  0-j  t:nos  more  desire  to  corns  )j.r. , 
and  3  Lines  mote  dating-  by  beoe'i.  Tl,«v 
oftet:  believed  in  the  lispor-auc**  of  atfiir.  ■ 

in  general,  the  necessity  of  the  SST,  t» 
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They  generally  had  more  education  and  income , 
and  more  often  had  ties  with  the  aviation 
industry. 

This  was  the  most  extensive  community  response 
flight-test  program  ever  conducted.  The  results  of 
this  test  continue  to  be  used  and  referred  to  to 
the  present  day. 

HRSC-IS 

RESULTS  OF  USAF-NASA-FAA  FLIGHT  TEST  PROGRAM  TO  STUDY 

COMMUNITY  RESPONSE  TO  SONIC  BOOM  IS  THE  ST.  LOUIS 

AREA 

Charles  Vi.  Nixon  and  Harvey  H.  Hubbard 

:«ASA  TND-2705,  1965 

In  this  report  data  are  presented  from  a  series  of 
community- react ion  flight-test  experiments  in 
which  the  population  of  St.  Louis,  Missouri  was 
sepeatedly  exposed  to  sonic  booms  in  a  range  of 
overpressures  up  to  about  3.1  psf.  Results  include 
those  obtained  from  direct  interviews!  analyses 
of  complaint  files,  and  engineering  evaluations 
of  reported  damage.  These  results  are  correlated 
with  information  on  aircraft  operations  and 
sonic  boom  pressure  measurements.  Only  the 
results  concerning  human  response  will  be  sum¬ 
marized  here.  For  a  discussion  of  the  results 
concerning  structural  response  the  reac:-.  is 
referred  to  capsule  summary  SR-22. 

There  were  some  carefully  monitored  special  flights 
during  the  test  period  as  well  as  several  unmoni¬ 
tored  flights  previous  to  the  test  period.  The 
first  flight  was  made  in  July  1961,  and  up  to  the 
time  of  the  community  response  study,  at  least  34 
flights  were  known  to  have  been  made.  Thirteen 
special  flights  of  B-58  and  F-106  aircraft  were  made 
in  a  selected  corridor  which  passed  along  the 
edge  of  the  main  urban  area  of  greater  St.  Louis 
at  various  times  of  day  and  night  during  a  six-day 
period  beginning  November  7.  Subsequent  to  these 
special  flights,  29  others  were  known  to  have  been 
made.  Four  of  these,  which  occurred  on  January 
3,  1962  and  January  6,  1962,  were  also  special 
flights  at  a  relatively  lower  altitude  and  with 
higher  associated  sonic  boom  pressures.  A  total 
c-f  76  supersonic  flights  was  thus  known  to  have 
been  made  in  the  test  area  during  a  7-month  period. 

immediate. y  following  the  initial  series  of  special 
flights,  approximately  100  households  were  inter¬ 
viewed  at  each  of  lo  sampled  areas.  The  initial 
respondent  contact  consisted  of  a  detailed  inten¬ 
sive  interview  of  1  to  1-1/2  hours  duration. 

The  interview  did  not  reveal  the  purpose  of 
the  study  tut  was  described  to  the  respondent  as 
a  bfoad  community  survey  of  how  pec-oSo  felt  about 
the  consiunities  in  which  they  live  The  back¬ 
ground  and  personal  characteristics  of  the  respon¬ 
dents  were  recorded,  as  well  as  ec-aplair.t  potential, 
experiences,  and  attitudes  tovar *  the  community, 
toward  commercial  and  military  aviation  and  other 
related  basic  variables.  Respondents  were  told 
that  the  survey  would  continue  for  several  weeks 
and  that  the  interviewer  might  call  b»ck  tc 
obtain  additional  information. 

Approximately  2  week*  following  completion  of 
the  initial  interviews,  the  seccrid  series  of  spe¬ 
cial  supersonic  flights  was  made  over  the  same 
ground  track.  These  four  flight*  were  scheduled 
to  provide  fewer  but  more  intense  booms  than  were 
experienced  during  the  first  teat  exposure. 

Call-back  and  control  interviews  were  begun  within 


2  day*.  A  total  of  1,043  respondents  completed 
both  the  interview  and  re-interview  and  298  con¬ 
trol  interviews  were  also  completed. 

The  following  conclusions  were  reached  as  a  result 
of  this  investigation: 

1.  The  personal  :  ,m'i«  studies  indicated 
that  aft»r  fc-*>  w-->sr  sonic  flights,  about 
90  percent  iSfise  contacted  experienced 
so bo  inte"fi,ja»r«s  as  a  result  of  sonic 
boom* ,  at.  v  <  -*  percent  were  annoyed  by 
thejs,  1 4  -.V,is  10  percent  had  contemplated 
co^ilalnu  action,  and  a  fraction  of  1  per¬ 
cent  had  actually  filed  a  formal  complaint, 

2.  The  cumulative  total  of  complaints  recorded 
was  approximately  proportional  to  the  num¬ 
ber  of  supersonic  missions,  A  large  per¬ 
centage  of  recorded  complaints  made  some 
mention  of  building  damage.  There  were  no 
direct  adverse  physiological  effects. 

This  was  one  of  the  earliest  community  response 
surveys  to  be  conducted  in  conjunction  with  a  con¬ 
trolled  flight-test  program.  The  later  Oklahoma 
City  sonic  boom  tests  were  much  more  extensive 
(see  capsule  summary  HRSC-14),  however. 

HRSC-16 

THE  LOUDNESS  OF  SONIC  BOOMS  AND  OTHER  IMPULSIVE 

SOUNDS 

E.  E.  Zepler  and  J.  R.  P.  Harel 

Journal  of  Sound  and  Vibration,  Vol.  2,  No.  3,  1965, 

pp.  249-256 

In  this  paper  the  loudness  of  sonic  booms  and 
other  impulsive  sounds  are  subjectively  evaluated. 
A  pair  of  earphones  was  developed  for  this  pur¬ 
pose.  The  frequency  response  of  these  earphoneB 
was  practically  flat  between  zero  frequency  and 
1500  cps.  The  cavity  had  a  volume  of  80  cm3  and 
the  maximum  pressure  obtainable  was  approximately 
2  psf.  The  comparatively  large  cavity  was 
chosen  to  minimize  differences  in  pressure  due 
to  different  ear  cavities  of  subjects  and  also 
to  reduce  the  effect  of  air  leakage. 

As  comparison  signal  in  determining  the  loudness 
of  a  given  signal,  a  tone  of  400  cps  was  chosen. 

To  use  a  steady  tone  rather  than  some  transient 
signal  had  the  advantage  that  the  source  of  ref¬ 
erence  was  known  and  well  defined.  It  had  the 
disadvantage  that  the  signals  to  be  compared 
were  so  different  that  it  was  extremely  difficult 
to  decide  on  equal  loudness.  This  necessitated 
the  use  of  a  fairly  large  number  of  subjects. 

In  the  first  series  of  tests  about  seventy  sub¬ 
jects  were  employed.  The  M-wave  and  the  400 
cps  tone  were  alternately  applied  to  the  ear¬ 
phones  and  the  strength  of  the  tone  was  adjusted 
until  it  was  judged  to  be  equal  in  loudness  to 
the  N-wave.  The  results  differed  consider¬ 
ably  between  different  subjects,  but  individual 
subjects  were  usually  consistent  within  a  few 
dB  if  due  care  was  taken  concerning  the  f it  of' 
the  earphones. 

The  mam  results  are  shown  m  the  two  figures 
below  which  were  taken  from  this  paper.  The 
first  figure  shows  that,  when  the  ramisum  pres¬ 
sure  of  the  N-wave  if  held  constant,  tee  Icon 
r  -decreases  as  rise  time  increases.  The 
second  figures  shows  that,  when  tha  :is?  ra'f 
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is  held  constant!  the  loudness  increases  as 
the  naxixust  pressure  increases.  It  can  be  seen 
that  for  rise  times  larger  than  1  msec,  variations 
in  rise  time,  with  constant  maxisum  pressure,  has 
more  effect  than  a  corresponding  variation  in 
maximum  pressure  with  constant  rise  rate. 


J.tunJncu  remit  rise  mi e  with  constant  maximum  pressure 
Experimental  mutts-  Q  ;  X 


This  is  a  very  significant  paper  in  that  the 
theory  developed  here  for  calculating  the  loudness 
of  sonic  booms  formed  the  basis  for  most  subse¬ 
quent  theories. 


HR  SC-17 

COMMUNITY  REACTIONS  TO  SONIC  BOOMS  III  THE  OKLAHOMA 
CITY  AREA;  VOLUME  III.  QUESTI0W1AIRES  (APPENDIX 
TO  VOLUME  II) 

Paul  N.  Bor sky 

Aerospace  Medical  Research  Laboratories,  Wright- 
Patterson  APB,  Ohio,  Report  No.  AMRL-TR-65-37, 

Hutch  1966 

This  is  the  appendix  to  Volume  II  (see  capsule 
summary  HRSC-14)  of  this  report.  It  contains 
samples  of  questionnaires  used  during  the  inter¬ 
views  that  took  place  from  February  to  July  1964 
in  the  Oklahoma  City,  Oklahoma  area.  Thac  area 
was  repeatedly  exposed  to  sonic  booms  generated 
to  simulate  overprussure  levels  that  would  be 
expected  for  supersonic  transport  overflights. 
The  schedule  provided  for  eight  booms  per  day. 
During  the  six-month  period,  almost  3,000  local 
residents  were  interviewed  three  times  to  deter¬ 
mine  the  nature  and  extent  of  their  reactions  to 
the  sonic  boons .  The  reader  is  referred  to  cap¬ 
sule  suanuries  HRRC-9  and  HRSC-14  for  details  of 
this  investigation. 
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IxmJtmt  remit  rise  time  with  constant  nse  rate 
Experimental  results-  X,  theoretical  curves.  1,2.  J 


The  effect  of  filters  on  loudness  was  measured 
fo-  N-vaves  with  rise  times  of  1  msec  and  3  msec, 
respectively.  Cutting  off  below  20  cps  or  40 
cps  had  practically  no  effect  in  either  case  while 
cut-off  below  240  cps  caused  a  drop  of  about  5  dB. 

In  the  second  part  of  the  paper  an  attempt  is 
.nade  to  explain  the  results  in  light  of  Fourier 
analysis.  Curves  are  drawn  of  k(F(w)j2  where 
Ffw)  is  the  Fcurier  transform  of  the  impulsive 
signal  and  k  is  a  weighting  factor.  The  areas 
under  the  curves  giving  the  weighted  energies 
were  compared  with  subjective  loudness.  Agree¬ 
ment  between  the  two  was  found  to  be  good.  As  a 
result,  it  is  concluded  that  the  loudness  of  impul¬ 
sive  signals  of  short  duration  and  3imiiai  fre¬ 
quency  density  function  is  proportional  to  the 
weighted  energy.  The  results  also  suggested  that 
the  loudness  of  an  impulsive  signal  in  which  the 
energy  is  ccr.centrated  essentially  in  one  fre¬ 
quency  is  considerably  louder  than  an  impulsive 
signal  of  equal  weighted  energy  but  of  a 
wide  frequency  spectriat. 


HR  SC-18 

A;.  INVESTIGATION  OF  THE  EFFECT  OF  BANGS  ON 
THF.  SUBJECTIVE  REACTION  OF  A  COMMUNITY 
D.  P.  B.  Webb  and  C.  H.  E.  Warren 
Royal  Aircraft  Establishment  Technical  Report 
SO.  66072,  March  1966 


This  report  describes  a  field  experiment  on  the 
effects  of  sonic  booms  on  a  cocsminity,  con¬ 
ducted  under  the  cede  me*  Exercise  Yellowhan- 
mer .  The  objective  of  the  experiment  was  to 
investigate  the  subjective  reactions  of  a  com¬ 
munity  as  sonic  booms  became  an  established 
feature  ,-f  the  environment.  Simulated  some 
booms  wem  made  by  firing  explosive  charges  which 
were  sus| ended  from  a  balloon  in  the  vicinity 
of  the  community.  At  suitable  intervals  the 
number  of  booms  per  day,  the  intensity  of  the 
booms,  an)  the  diurnal  times  at  which  the  booms 
Were  made  were  sepo  .leiy  varied. 


Tne  program  of  booms  was  spread  over  a  period  of 
fourteen  ccsisocutive  weeks.  The  booms  took  p-iaco 
chiefly  on  Monday  and  Tuesday  of  each  week.  On 
each  firing  day  for  the  first  five  weeks  t  i 
community  was  subjected  to  a  standard  series  of 
booms,  nominally  twenty- four  ir.  number  and  cf  a 
given  intensity,  and  spread  randomly  throughout 
the  day  between  about  0936  nrd  1530  hr.  During 
the  remaining  nine  weeks  the  number,  intensity, 
and  times  of  tfco  booms  were  separately  varied  at 
intervals  which  phased  with  the  interviewing  of 
four  sampit-s  into  which  the  community  was  divided. 

The  waveforms  prtdu^ed  by  tha  explosives 
biou  Jistoiteu  E-waves.  The  average  peak  over¬ 


pressures  fexpor letictd  by  the  community  varied 
from  about  ’.4  psf  to  5.)  psf.  The  d-natior.  of 
the  positive  phase  of  the  cooes  varied  from 
Jbcut  5.7  Ti . ; : oeeonds  to  about  11.)  mil  1 .seconds . 
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The  community  consisted  of  some  260  people  engaged 
in  common  everyday  occupationa.  The  community 
was  divided  into  four  samples  roughly  equivalent 
in  size,  sex,  and  age  structure,  and  the  subjec¬ 
tive  reaction  of  the  cowminity  was  assessed  by 
interviewing  -these  samples  in  turn  on  Thursday 
and  .Friday  of  each  week  of  the  period  of  the 
exercise. 

The  following  conclusions  were  reached  as  a  result 
of  this  investigation: 

1.  The  percentage  of  persons  annoyed  by  booms 
became  less  as  the  boons  became  an  estab¬ 
lished  feature  of  the  environment. 

2.  nothing  could  be  convincingly  discerned 
in  regard  to  the  effects  of  sex,  age,  and 
occupation  upon  subjective  reaction. 

3.  The  community  reacted  significantly  both  to 
an  increase  in  the  frequency  of  the  booms 
and  to  an  increase  in  the  intensity.  The 
effects  of  other  variations  introducsd  were 
not  of  discernible  significance  statistically. 

In  anotner  coaounity  response  study  (see  capsule 
summary  KRSC-19)  a  significant  relationship  was 
found  between  the  subjective  response  to  sonic 
boons  and  sociological  variables,  in  contrast  to 
the  results  of  the  present  investigation.  The 
Oklahoma  City  results  (see  capsule  stmmwry 
HRSC-14)  also  showed  such  a  relationship. 

KRSC-19 

OPINION  STUDY  ON  THE  SONIC  BANG 

Medic in  Lt. -Colonel  de  Brisson 

Royal  Aircraft  Establishment  Library  Translation 

SO.  1159,  April  1966 

This  report  presents  the  results  of  a  public 
opinion  study  of  the  reactions  to  the  sonic  boom 
by  the  populations  in  the  East  and  South-West  of 
France  where  there  had  been  appreciable  supersonic 
flying  over  the  previous  few  years.  The  survey 
investigated  the  population's  sensitivity  to  the 
sonic  boom  as  affected  by  geographical,  sociologi¬ 
cal,  and  attitudinal  variables. 

The  number  of  questionnaires  completed  and 
analyzed  was  2296.  Seventy-seven  investigators 
participated  in  the  inquiry  in  704  different 
localities.  The  interviews  lasted  from  25  to 
45  minutes. 

From  the  data  obtained  in  the  survey,  the  follow¬ 
ing  broad  characteristics  were  sorted  out: 

1.  The  most  unexpected  result  was  the  impor¬ 
tance  of  sociological  factor,  while  the 
geographical  and  living  area  factors  (which 
it  is  admitted  were  very  poorly  checked 
from  the  point  of  view  of  exposure  to  the 
sonic  fc  om  and  surrounding  noise)  did  not 
appear  decisive,  it  was  found,  however, 
that  tolerance  to  sonic  bangs  was  low  in 
small  towns. 

2.  It  was  found  that  married  wgmsr.  are  parti¬ 
cularly  sensitive  to  the  sonic  boom  and 
hostile  to  progress  in  aviation,  while 
unmarried  men  were  the  most  tolerant  in  this 
respect. 


3.  Sensitivity  to  the  sonic  boom  and  disap¬ 
proval  of  progress  in  supersonic  aviation 
were  found  to  increase  with  age. 

4.  It  was  found  that  people  with  a  high  educa¬ 
tional  level,  although  sensitive  to  noise, 
tend  to  minimise  their  sensitivity  to  the 
sonic  boom  because  they  accept  the  develop¬ 
ment  of  supersonic  aviation  as  an  actuality 
while  people  with  a  low  educational  level, 
although  insensitive  to  noise,  in  general 
are  opposed  to  ell  notions  of  progress  in 
aviation  and  display  more  sensitivity  to 
the  sonic  boom. 

5.  A  study  of  the  sensitivity  to  sonic  boom 
variable  as  a  function  of  income  and  occu¬ 
pation  showed  a  close  relationship  parallel 
to  that  of  the  educational  level. 

In  another  investigation  concerning  community 
response  to  sonic  boom*  (see  capsule  summary 
HR SC-18)  Webb  and  Warren  found  no  conclusive 
relationship  between  sociological  variables  and 
response  to  sonic  boons.  On  the  other  hand,  the 
results  of  the  Oklahoma  City  sonic  boom  tests 
(see  capsule  summary  HRSC-14)  showed  that  people 
who  complained  about  the  sonic  booms  were  mere 
often  middle-aged  females,  with  older  children, 
and  smaller  families.  Those  results  tend  to 
support  the  findings  of  the  present  investigation. 
However,  the  Oklahoma  City  results  also  showed 
that  these  same  middle-aged  female  eomplainers 
generally  had  more  education  and  income  than 
the  non-complainers,  in  contrast  to  the  findings 
of  the  pres*"*-  investigation. 

HRSC-20 

SONIC  BOOHS— GROUND  DAHAGE-- THEORIES  OF  RECOVERY 
H.  L.  Kelley  ill 

Journal  of  Air  Law  and  Comer ce,  Vol.  32,  Autumn, 
1966,  pp.  596-606 

In  this  article  e  discussion  of  the  legal  basis 
for  making  sonic  boom  damage  claims  is  presented. 
It  is  stated  that  damage  may  be  covered  by  the 
"all  risk,”  'aircraft  damage,”  or  "explosion" 
coverages  of  insurance  policies,  or  the  Federal 
Tort  Claims  Act  in  cases  involving  military 
aircraft. 

It  is  argued  that  strict  liability  should  be 
found  applicable  against  the  airlines  in  the  case 
of  damaging  sonic  booms  for  two  reasons.  First, 
the  operation  of  supereo-.de  aircraft  will  cause 
some  damage  which  cannot  be  eliminated  by  the 
exercise  of  the  utmost  care,  and  it  therefore 
should  be  treated  as  an  ultrahazardous  activity. 
Secondly,  sonic  booms  involve  the  same  phenomena 
and  effects  as  do  concussions  from  blasting; 
therefore,  the  blasting  laws  should  apply. 

A  much  More  extensive  review  of  the  legal  aspects 
of  sonic  booms  was  given  in  the  papers  summarized 
in  capsule  summaries  HRSC-59  and  HRSC-64. 
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EFFECTS  OF  SONIC  BOOH  ON  PEOPLE -.  REVIEW  AND  OUTLOOK 
Henning  E.  von  Gierke 

Proceedings  of  the  Sonic  Boom  Symposium,  The  Journal 
of  the  Acoustical  Society  of  America,  Vol.  39, 

No.  5,  Vart  2,  1966,  pp.S43-S50 


This  pajwr  presents  a  review  of  research'  con¬ 
ducted  to  1965  concerning  the  effects  of  sonic 
booms  on  people.  The  review  is  very  general  and 
does  not  go  into  very  Much  depth.  However,  it  does 
give  a  good  overview  of  the  various  studies  that 
have  been  conducted  and  the  range  of  overpressures 
involved  in  each.  A  brief  discussion  is  also 
given  of  observed  and  predicted  auditory  responses 
to  sonic  boons.  This  discussion  is  suonarised 
by  the  table  below,  which  was  taken  from  this 
paper. 
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LABORATORY  TESTS  OF  PKYSlOLOGICAL-PSYCWJLOGICAL 
REACTIONS  TO  SONIC  BOOHS 
K.  D.  Kryter 

Proceedings  of  the  Sonic  Boost  Symposia*,  The  Journal 
of  the  Acoustical  Society  of  America,  Vol.  29,  Me.  S, 
Parc  2,  1966,  pp.  S65-S72 


It  easaa  possible  that  startle  reactions  to 
sonic  boons  would  adapt  or  cease  upon  re¬ 
peated  ftxpsyurti  ta  sonic  booms  of  typical 
anticipatisj  levels. 

Thi  avowal  effact*  of  sonic  boons  when  a 
periion  Im  asleep  i»  s  soot  subject,  particu¬ 
larly  with  smsgue*  to  ti!«  truest  Ion  of 
eomptmi  ion. 
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A  revits  -of  th*  study  sad#  in  St.  Louis,  KiMcuri 
during  a  W-seftth  period  frost  July  1961  to  April 
1962  is  pr-swr.trd  in  this  paper.  The  purpose  of 
this  study  was,  to  investigate  camunity  response 
to  sonic  boo«s.  The  review  given  in  the  present, 
paper  contains  no  information  not  contained  in 
th*  oarls-ni  roperte  or.  thi»  study,  “ha  reader 
is  referred  to  capscls  rssist  ic*  HRSC-15  «rw 
JRSC-I2  for  information  or,  the  St.  Louis  tsoruc 
boom  testa. 


In  this  paper  the  methods  and  results  of  labora¬ 
tory  investigations  conducted  up  to  1965  concern¬ 
ing  physiological-psychological  reactions  of 
humans  to  sonic  boons  are  discussed.  The  studies 
rjwoarired  here  include  those  of  Zepler  and  Marti 
(see  capsule  suetary  HRSC-16) ,  Richards  (see  cap¬ 
sule  summary  HR  SC-6) ,  Bcoadbent  and  Robinson 
(see  capsule  summary  HRSC-3) ,  Pears.:.'.*  and  Eryter 
(see  capsule  summary  ffRSC-10) ,  and  others  of 
lesser  significance. 
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The  following  conclusions  wore  reac ned  as  u 
result  of  this  review: 

1.  The  basic  audibility  and  pere-iived  r.o.  ■ 
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2.  The  sounds  heard  in-  a  house  »-jb} acted  t<  » 
sonic  boom  are  judged  to  h»  rouiM  or 
more  unwanted  than  the  sonic  bc.-jr  nears 
outooors.  probably  because  of  rattles  ».v» 
other  secondary  sounds  that  r-aauit  f rsm 
vibration  of  the  house. 
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Also,  4  questionnaire  was  uud  to  interrogate  tha 
population  of  a  city  located  under  the  flight 
trajectory. 

The  following  conclusion*  were  reached  as  a 
result  of  this  investigation: 


At  the  end  of  the  testing  period  questionnaire* 
were  distributed  to  the  personnel  who  had  been 
exposed  to  the  boosts.  About  600  completed  question¬ 
naires  were  received.  The  following  conclusio:.* 
were  based  upon  the  results  obtained  froei  the 
questionnaires: 


£ 
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V.  A  sonic  boon  of  intensity  1.72  psf  caused 
brief  shifts  of  certain  physiological  func¬ 
tions:  quickening  of  the  pulse  {within  the 
range  of  to  to  46  beets  per  minute)  and 
lowering  of  the  alfa  rhythm  of  the  2ES. 
These  changes  did  not  exceed  the  limits  bf 
physiological  fluctuations  and  returned 
rather  rapidly  {in  1-2  minutes)  to  the 
initial  level. 


1.  It  was  found  that  the  influence  of  expo¬ 
sure  (orientation  of  the  building,  window 
open  or  closed,  etc.)  wee  minor  end.  in 
any  event,  undetectable  in  terms  of  its 
effect  on  the  responses  of  the  subjects. 

2.  The  following  conclusions  were  reached 

in  regard  to  tha  acceptability  of  various 
overpressures: 


2.  The  biopotentials  of  the  heart,  the  sharp¬ 
ness  of  hearing,  the  duration  of  the  sub¬ 
sequent  visual  image  and  of  its  latent 
period,  and  of  the  corticosteroids  of  the 
blood  after  the  actios  of  e  boom  of  1.72  psf 
intensity  did  not  change  significantly  in 
comparison  with  the  background  data. 

3.  The  quality  of  the  activity  connected  with 
the  estimation  of  microintervsls  of  time 
at  the  moment  of  the  action  of  a  boom 
dropped  slightly  and  then  quickly  returned 
to  the  initial  level. 

4.  boons  of  an  intensity  up  to  1.54  psf  did  not 
cause  any  shifts  of  physiological  functions 
in  the  test  subject*. 

5.  The  sonic  booms  had,  based  on  the  question¬ 
naire  data,  the  following  effects  on  per¬ 
sons  located  under  the  flight  trajectory: 
strong  irritating  action — in  38%  of  the 
cases,  average  action — in  28%  of  the  cases: 
weak  action-- in  6.8%  of  the  cates:  no  irri¬ 
tation  la  27.2%  of  the  caws  of  people  who 
were  questioned,  for  persons  subjected  to 
the  repeated  act. ior.  of  impulse  noises  the 
letter  had  a  etzosg  irritating  effect  in 
only  3.6*  of  the  cases;  as  average  effect 
is  W.St:  45»i  ♦  weak  effect  in  20.8%:  is 
».j *  of  *«■  «*«*  bones  did  not  have  any 
•fleet  at  ell. 

®*  It  Bust  cr:  el  .  :t :  that  many  fwspis  adept  to 
tha  %m  of  .sj;.4s*  sssias  atm  So  not 

sspwiottoe  *  nsgetave  effect  from  it. 


e)  not  bothersome;  pressure  variation  of 
about  1  psf 

b)  slightly  bothersoms:  pressure  variation 
of  about  1.3  psf 

c)  annoying  but  not  painful:  pressure 
variation  of  about  1.5  psf 

d)  painful:  pressure  variation  of  abou 
1.7  psf 

a)  very  painful:  pressure  variation  of 
about  2.1  paf. 

The  above  findings  do  not  agree  with  the  results 
obtained  by  Pearsons  and  Kryter  (see  capsule 
summary  HRSC-10)  and  by  Aroadbent  and  Robinson 
(see  capsule  nmmery  HR  SC-8)  in  laboratory  tests 
involving  exposure  of  subjects  to  simulated 
sonic  booms.  Both  of  those  investigation*  found 
that  the  upper  limit  of  acceptability  for  sonic 
boom*  heard  outdoors  is  about  2.3  psf.  The 
disagreement  in  results  might  be  due  to  the  poor 
quality  of  the  simulated  sonic  booms  of  the 
present  investigation,  which,  according  to 
opinions  repeatedly  expressed,  were  lees  disturb¬ 
ing.  assuming  the  seme  intensity,  then  reel  boom. 
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raafiELD  snermrn  or  the  sonic  soon 

Melton  l,  Howes 

letter  to  the  editor,  Journal  of  the  Acoustical 
Society  of  America,  Vol.  41,  Ho.  3,  Her  1967, 
pp.  716-7 


fiiia  i«  asm  of  %m  tarn  articles  available  dsserife- 
iog  rawpBfeb  that  (***  tali::  place  la  Russia  con- 
car*!*  Jwssa  r#*t  ■»  to  Sonic  boo**, 
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WTICM  Of  HONK  AOSN8  ON  71*  PG8UC 

S.  Che®»l . .T .  rmnmtmm 

mm  rf  r- ». rot,  j*:  jc  m? 

the  parpoae  of  the  invest igai.loi>  discussed  in  this 
paper  was  to  deterwme  the  mmumi  overpressure 
for  an  it-wave  type  sew  to  signature  toon  which 
is  etatliRicaHy  opiatic  over  a  short  period 
of  tine  without  distress  to  the  public.  In  order 
to  accomplish  this,  par ♦  of  the  personnel  of  the 
Flight  testing  Center  at  iretigny,  France,  Mrs 
exposed  to  50  simulated  sonic  boom  end  three 
actual  sonic  boosts  generated  by  a  Hi  rage  III  over 
a  period  of  7  days  of  testing.  The  simulated 
sonic  booms  were  produced  by  explosive  charges. 


This  short  note  presents  a  correction  tc  the 
pressure  spectrum  formula  derived  by  Zepier  and 
Harel  (see  capsule  summary  KRSC-16)  for  an  M-veve. 
The  spectrum  given  fey  Zepier  and  Harel  for  an 
N-wave  having  unit  amplitude  is 

PCw)  *  sinx/(i.x) 

where  P-.a)  is  the  Fourier  transform  of  the 
pressure  amplitude  P(t) 

x  *  tit/2 

and  T  *  period  of  H-veve 

It  is  shown  in  tha  present  paper  that  the  above 
formula  is  ineo^lete,  and  that  the  correct 
formula  for  the  pressure  spec  trim  of  an  H-vave 
is  givan  by 

PCs)  -  (2f>"1/3T  P(T)  (<ein  x/x2)  -  (coa  */x)J 
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»  (2i)'1/2T  P(T)  j.(*) 

where  j. Cx)  is  a  spherical  Bessel  function 
of  the  first  hind  and  order . 

HRSC-2? 

AH  INVESTIGATION  OF  THE  WAVEFORM  CHARACTERISTICS  AND 
SUBJECTIVE  EFFECTS  OF  SONIC  Afffl  EXPLOSIVE  BANGS 
C,  H.  E.  Warren  and  T.  A.  Hoi bee he 
Royal  Aircraft  Establishment  Technical  Report  67167, 
July  1967 

This  report  describes  some  experiments  that  wr* 
done  to  gain  some  prelurt-iary  information  on  the 
waveform  characteristic'  and  on  the  subjective 
effects  of  sonic  booms.  A  series  of  carefully 
controlled  flights  by  an  aircraft  at  supersonic 
speeds  was  nude  in  an  exercise  known  as  Exercise 
Cracker jack.  Overpressures  in  the  0.5  -  3.0  psf 
range  were  generated  by  these  flights.  The  sub¬ 
jects  exposed  to  these  booms  were  asked  to  give 
their  reactions  and  also  to  compare  the  sonic 
booms  with  explosive  bangs.  Also  studied  was  the 
ability  of  people  to  distinguish  between  sonic 
booss  and  bangs  generated  by  explosives  when  exper¬ 
iences  indcors. 

The  results  obtained  concerning  subjective  response 
to  sonic  booms  show  that  tolerance  to  boon*  of  a 
given  overpressure  decreases  with  increasing  fre¬ 
quency.  They  also  show  that  west  subjects  felt 
that  they  would  be  much  less  tolerant  to  night- 
tire  sonic  boors.  The  indication  is  that  sonic 
boors  having  a  pressure  rise  of  about  1.5  psf  Bay 
be  tolerable,  whereas  those  around  2-1/2  psf  are 
becoming  objectionable. 

The  discrieinatiec.  study  resulted  in  the  conclusion 
that  bangs  made  by  the  firing  of  pairs  of  explosive 
charges  with  the  appropriate  spacing  in  time  are 
indistinguishable  from  aircraft  sonic  booms  when 
heard  indoors. 

The  results  of  this  test  show  better  agreement 
with  those  of  Pearsons  and  Kryter  ( see  capsule 
summary  HRSC-10)  and  Broadfcent  ana  Robinson  (see 
ctpsule  siaary  HRSC-81  than  did  the  results  found 
in  the  French  experiment  reported  by  Cnavallisr 
and  Perrochon  (see  capsule  eurssary  HS3C-25) . 
Pearson*  ana  Krycor ,  and  Sroadbent  and  Robinson 
found  the  upper  limit  of  acceptability  of  sonic 
boon  overpressure  to  be  about  1.9  psf,  while  the 
present  experiment  shewed  that  overpressures  cf 

2.5  psf  -ere  no coxing  objectionable  and  booms  cf 

1.5  psf  were  tolerable.  Truss  the  results  of 
this  experiment  tend  to  qualitatively  support 
those  of  Pearaons  and  Fryter  and  Broadfcent  and 
Rofcinsor. - 
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P3YCK01OGITAL  KXPKRIMn.TS  (X!  SONIC  BOOKS 
K.  D.  Kry ter.  P.  J.  Johnson,  and  J.  R.  'found 
Sonic  Boos  Experiments  at  Edwards  Air  Force  Base, 
Interim.  Report,  July  28,  1967,  Annex  F 

The  psyclioioeic.il  experiments  on  sonic  boos* 
carried  cat  -is  part  of  the  Edwards  Air  Force 
Rise  aor.ic  ocoa  experiments  are  described  m 
tr.is  report.  The  following  three  psychological 
experiment*  we'e  conducted: 


1.  Pairad-cceparison  tests  and  absolute  rac¬ 
ings  of  the  relative  acceptability  of  sonic 
boos*  with  the  flyover  noise  fron  subsonic 
jet  aircraft,  the  subjects  being  placed 
both  outdoors  and  indoors  during  the  tests. 

2.  Paired-comparison  tests  and  absolute  rating:; 
of  the  relative  acceptability  of  sonic  boost 
from  one  type  of  supersonic  aircraft  te 
sonic  booms  from  a  second  type,  and  of  sonic 
boost  fro*  the  same  type  of  aircraft  but 
flown  under  different  operational  conditions. 

3.  An  attitude  survey  of  the  acceptability  of 
the  sonic  booms  to  residents  in  a  military 
community  habitually  exposed  to  sonic  booms. 

Subjects  selected  from  residents  of  the  comuni- 
ties  of  Edwards  Air  Force  Base,  Fontana, 
and  Redlands,  California  were  assigned  to  'various 
indoor  and  outdoor  test  sites  at  Edwards  Air  Force 
Base.  The  aircraft  overflights  were  made  in  pairs 
with  approximately  one  to  two  minutes  between  the 
smokers  of  each  pair  and  a  minimus  of  approximately 
four  to  five  minutes  between  pairs.  The  subjects* 
min  task  ms  to  indicate  on  an  answer  sheet  wiuen 
sound  of  each  pair  was  the  more  acceptable  if  heard 
in  or  rear  their  hoses.  They  were  also  required 
to  rate  cn  a  13-point  scale  the  acceptability  of 
each  of  the  sonic  boons  or  sounds  heard  on  certain 
days. 

The  following  is  a  sotsaary  of  the  results  ®:  these 
experiments: 

1,  When  indoors,  subjects  frow  Edwards  Air 
Force  Base  judged  boons  teem  the  S-SS  at 
1-69  psf  nominal  peak  overpressure  outdoors 
to  be  «*s  acceptable  as  the  seise  from  a  sub¬ 
sonic  jet  at  an  intensity  of  109  PJJdB  meas¬ 
ured  outdoors. 

2,  When  indoors,  subjects  from  the  tevrs  of 
Fontana  and  Redlands  judged  the  boots  from 
the  B~58  at  1.69  psf  noBintl  peak  overpres¬ 
sure  outdoors  to  be  as  acceptable  as  the 
noise  from  a  subsonic  jet  at  a.-,  inter,*---/  of 
lie  to  119  Ride  measured  outdoors. 

J.  The  booms  heard  outdoors  Ire*  the  B-58  at 
1.69  nominal  peak  overpressure  were  ju need 
to  be  as  acceptable  as  the  noise  heard  v.jt- 
doors  from  a  subsonic  jet  *t  105  PfjtB, 

Hi  RNdB,  and  108  radB  by  subjects  fro" 
Edwards  Air  Totem  Base,  Fontana,  end  Rsc  - 
iands.  respectively. 

4.  Whe.-  indoors,  27  percent  of  the  subjects 
fro*«  awards  and  40  percent  of  the  subject- 
free  Fontana  and  Rer.  lands  contained  rated 
the  B-5S  boos 'm  ot  nominal  peak  overpressure 
of  1.69  psf  as  being  between  less  than  "just 
acceptable"  to  "unacceptable. " 

5.  When  outdoors,  31  percent  cf  the  Subjects 
from  Edwards  and  19  percent  of  the  Msl/c.-n 
f rom  Fontana  and  Redlands,  c.ofcinci,  rated 
the  B-53  boom*  of  nominal  peak  ovcrpre«»urc- 
of  1,69  psf  a*  being  between  leot-  than  ";a** 
acceptable"  to  "unacceptable. ' 
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daily  aircraft  noise  and  seven  percent  rated 
the  street  noise  as  being  between  less  titan 
"just  acceptable"  to  "unacceptable." 


6.  Residents  of  Edwards  Air  Force  Base  who 
served  as  subjects  had  been  in  residence 
there  for  an  average  of  two  years  and  had 
been  exposed  during  that  period  to  about 
4-8  boons  per  day  of  median  nominal  peak 
overpressure  of  1 .2  psf  and  to  subsonic 
aircraft  noise  having  peak  FNdB  levels  of 
about  110  PNdB.  the  towns  of  Fontana  and 
Redlands,  on  the  other  hand,  were,  not  under 
or  near  the  flight  track  of  supersonic  air¬ 
craft  and  were  occasionally  exposed  to  noise 
of  subsonic  aircraft  at  a  peak  level  of 
about  95-100  PNdB. 


7.  When  -:i  approximately  equal  nominal  or 

measured  (>eak  overpressure  and  when  heard 
induois  and  judged  against  the  aircraft 
noise,  the  boom  from  the  XB-7C  was  slightly 
less  acceptable  than  the  booess  from  the  F-104 
or  S-S8  aircraft.  When  heard  outdoors  and 
judged  against  aircraft  noise,  the  boon  from 
the  B-58  was  slightly  less  acceptable  than 
the  booms  fron  the  JC8-70  and  F-104  aircraft. 


11.  Within  the  adult  population  studied,  age 
and  sex  are  not  statistically  significant 
factors  in  the  ratings  or  paired -comparison 
of  the  unacceptability  of  sonic  boons  or  the 
aircraft  noises. 

These  conclusions  show  a  definite  trend  toward 
greater  acceptance  of  the  sonic  boons  by  the 
Edwards  Air  Force  Base  residents  than  by  the 
residents  of  Fontana  and  Redlands.  This  indicates 
that  a  certain  amount  of  adaptation  to  sonic  boons 
does  take  place  over  an  extended  period  of  tine. 

This  investigation  and  the  community  response 
survey  conducted  in  conjunction  with  the  Oklahoma 
City  sonic  boon  tests  are  the  nest  extensive  and 
most-often-referred-to  flight  tost  investigations 
ever  conducted  concerning  human  response  to  sonic 
booms. 


>• .  When  c-ne  type  of  boos:  was  judged  against 
f.nothei  type  of  boom  at  equal  nominal  peak 
overpressure,  no  ssg,-,f leant  difference  in 
their  acceptability  was  measured  in  these 
tests. 

9.  The  unecceptabilit,'  cf  sonic  booms,  as  a 
function  of  intensity,  increases  at  about 
half  again  as  fast  a  rate  as  does  the  unac- 
ceptaiuiity  of  the  raise  free  subsonic  air- 
ciafti  i.e..  in  terms  of  judged  unaccept- 
ability ,  an  increase  of  10  PNdB  in  intensity 
of  a  noise  from  a  subsonic  aircraft  was 
equivalent  to  about  a  6  d£  increase  (from 
1  psf  to  2  psf)  m  the  intensity  of  a  sonic 
boos. 

10.  The  results  averag-d  over  all  tests  indicates 
that  the  boons  and  particularly  the  noise 
were  rated  slightly  more  unacceptable  by  the 
listeners  outdoors  than  by  the  listeners 
indoors.  Also,  the  precision  of  the  judg¬ 
ments  and  rate  of  growth  of  unacceptability 
as  a  function  of  the  intensity  of  the  booms 
or  r.oise  was  about  50  percent  greater  for 
listeners  outdoors  than  indoors. 

11.  On  the  average,  two  booms  were  judged  to  be 
sigmf icar.tly  different  in  acceptability 
when  their  nominal  or  measured  peak  overpres¬ 
sures  differed  by  about  1  dB,  and  by  about 

,  2  dB  when  the  two  boons  wore  compared  against 

a  reference  aircraft  noise. 

12.  An  attitude  survey  of  residents  (15  percent 
of  whom  served  as  subjects  in  these  experi¬ 
ments)  at  Edwards  Air  Force  Base  revealed 
that  26  percent  rated  the  boom  environment 
as  beine  between  less  than  "just  acceptable" 
to  "unacceptable"  for  the  month  of  June, 
when  there  was  an  average  of  about  10  booms 
per  day  at  a  medlar,  nominal  peak  overpres¬ 
sure  of  about  1.69  psf.  Fourteen  percent  of 
the  residents  also  rated  the  boo».  environ¬ 
ment  prior  to  June  as  being  betv.  leg* 
than  "just  acceptable"  to  "unacce; cable." 
During  this  period  there  were  about  4  to  8 
booms  per  day  at  a  median  nominal  boom  level 
of  1.2  psf.  Six  percent  iated  the  ambient 


HR SC-29 

ANALYSIS  OF  V.  S.  AIR  FORCE  SR-71  SONIC  BOOM  DAMAGE 
COMPLAINTS  AND  FLIGHT  DATA 
Thomas  H.  Higgins 

Paper  Presented  to  the  Committee  on  SST-Sonic  Boom 
NAS-NRC,  November  13,  1967 

A  review  of  damage  complaints,  claims,  and  flight 
data  associated  with  the  sonic  booms  caused  by 
0.  S.  Air  Force  SR-71  airplanes  it  presented  in 
this  paper.  Flights  were  conducted  near  such 
major  metropolitan  areas  as  Chicago,  Los  Angeles, 
Dallas/Fort  Worth,  Minneapolis/St.  Paul,  New 
Orleans,  Atlanta,  Indianapolis,  and  Denver.  The 
primary  purpose  of  these  flights  was  to  demonstrate 
the  operational  suitability  of  the  total  SR-71 
system. 

The  statistics  showed  that  in  the  larger  metro¬ 
politan  areas,  Chicago  and  Los  Angeles,  damage 
complaints  per  boom  par  million  of  the  exposed 
population  averaged  approximately  six.  There  was 
more  variability  and  in  general  a  lesser  rate  of 
damage  complaints  for  those  metropolitan  areas 
with  a  total  urban  and  rural  population  of  approxi¬ 
mately  1.5  million  or  less.  The  exact  reasons  for 
this  could  :~>t  be  determined  due  to  the  lack  of 
accurate  flight  track  data. 

A  hypothesis  to  be  tested  is  then  proposed: 

CP  2  Np  rb  pd  -  iP-6*Xb  (Np/le6) 

where  ^  =  Humber  of  material  populations 
Nj,  *  Humber  of  sonic  booms 
Np  *  '..umber  of  people  exposed 
Pj,  *  Probability  of  iP  (reference  1  psf 
nominal) 

Pc  *  Probability  of  material  damage, 
and  5p  •  Nominal  calculated  overpressure  in 
pounds  per  square  foot  (psf)  using 
a  standard  atmosphere. 

This  formula  was  based  on  the  results  of  previous 
overflight  programs  in  St,  Louis  and  Oklahoma 
City  and  the  number  of  damage  complaints  per  boom 
per  million  population  associated  with  those  pro¬ 
grams  at  time  periods  equivalent  to  the  SR-71 
program.  Sufficiently  accurate  data  was  not 
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available  for  the  SR-71  flight*,  however,  to 
verify  the  hypothesis. 

This  is  a  good  general  a  usury  of  the  sonic  boos 
effects  resulting  from  the  SR-71  flight  program. 

KR3C-30 

THE  SUBJECTIVE  EVALUATION  OF  SONIC  BANGS 

D,  R.  Johnson  and  0.  W.  Robinson 

Aeustira,  Vol.  18,  No.  a,  1867,  pp.  241-258 

Ar:  experiment  is  described  in  this  paper  in  which 
61  subjects  used  the  method  of  direct  magnitude 
est  illation  to  judge  the  relative  annoyance  of 
sonic  boons,  explosions,  and  jet  aircraft  noise. 
Artificial  white  noises  were  included  to  test 
tne  subjects'  performance  for  individual  con¬ 
sistency  and  to  compare  their  results  with  the 
established  relationship  between  subjective  magni¬ 
tude  and  objective  level. 

A  demonstration  of  sonic  booms  organized  by  the 
Ministry  of  Aviation  and  the  Royal  Air  Force  pro¬ 
vided  the  opportunity  to  carry  out  the  experiment. 
The  flight  program  consisted  of  a  series  of  four 
sonic  boons  with  nominal  peak  overpressures  rang¬ 
ing  from  about  1.5  psf  to  2.J  psf  and  two  low 
altitude  full-power  runs  by  a  Conet  jet  aircraft 
planned  to  give  a  peak  level  of  around  110  PNdB, 
the  latter  being  included  to  provide  a  more 
familiar  type  of  noise  for  purposes  of  comparison. 
These  events  followed  one  another  about  every  five 
-i mutes  and  during  the  intervals  a  series  of  high 
explosive  charges  was  detonated.  The  explosions 
were  fired  in  pairs  with  a  time  delay  between  the 
detonations  of  about  100  as,  corresponding  to  the 
bow  and  stern  shocks  of  the  sonic  booms. 

The  calibrating  sounds  consisted  of  a  series  of 
vr.ite  noises  of  fixed  spectral  distribution  but 
adjustable  level,  each  presented  for  about  S  sec¬ 
onds. 

Since  the  purpose  of  these  was  to  test  the  quality 
of  the  subjects'  performance  at  numerical  annoy¬ 
ance  estimation,  ar.  element  of  replication  was 
built  mi  and  by  controlling  the  level  the  scale 
relation  between  annoyance  and  sound  pressure  level 
could  be  deduced  for  each  individual  and  for  the 
stoop. 

The  whole  program  was  given  twice,  once  in  the 
ocrr.ing  and  cr.ce  tr.  the  afternoon.  Thus,  by 
dividing  the  subjects  into  two  groups  A  and  B  it 
was  possible  to  obtain  two  complete  sets  of  out¬ 
door  and  indoor  results  simply  by  exchanging 
locations  after  lunch. 

Tie  subjective  tests  were  conducted  in  the  fol¬ 
lowing  way.  The  first  sound  heard  by  the  subjects 
was  the  white  noise,  presented  at  a  level  expected 
to  lie  with!;,  the  range  of  annoyance  of  the  other 
sounds.  Subjects  were  instructed  to  consider  the 
annoyance  of  this  sound  to  be  worth  10  units,  and 
then  to  award  every  succeeding  ncise  in  the 
sequence  a  numerical  score  indicating  how  annoy¬ 
ing  it  appeared  to  be,  in  relation  to  this  initial 
sound.  Thus  if  the  second  noise  was  judged  to  be 
•vice  as  load  as  the  f.rst  noiia  it  would  merit 
i  score  of  20  on  the  test  sheet.  The  subjects  were 
r,o.  given  t:.s  opportunity  of  bearing  the  reference 
.our.,!  .vj„:r.  «>  such,  and  M  from  the  first  moment 
of  tne  morning  session  the  judgments  throughout 


the  day  were  made  entirely  in  terms  of  the  initial 
datum. 

The  results  showed  that  the  annoyance  of  sonic 
booms  correlates  closely  with  calculated  loudness 
level,  nearly  as  well  with  perceived  noise  level 
but  poorly  with  peak  overpressure.  Conventional 
methods  of  calculation  for  steady  sounds  had  to 
be  modified  to  take  account  of  the  predominance 
of  low  frequency  energy  and  of  the  short  duration 
of  sonic  booms.  The  appropriate  band  pressure- 
levels  were  derived  from  the  Fourier  transform  of 
the  waveform  by  averaging  band  energies  over  the 
auditory  critical  time  of  70  as.  The  sane  pro¬ 
cedure  was  applied  to  explosions.  Tne  relative 
annoyance  of  the  transient  sounds  and  of  the  jet 
aircraft  and  white  noise  were  then  correctly  cre¬ 
dit  ted. 

The  subjective  results  shewed  that  a  peak  ovej- 
pressure  of  about  1.8  psf  measured  at  grouno  level 
is  about  as  annoying  as  jet  noise  at  210  PNab, 
but  only  within  a  margin  of  6  df*  due  to  Imitation 
of  the  sound  reproducing  equipment  and  psycho¬ 
logical  uncertainties  resulting  from  the  unnatural 
environment  of  the  listeners. 

The  double  explosions  were  intended  to  sound 
sisila.  to  the  sonic  bangs  but  ir,  the  absence  of 
precise  data  to  ensure  this  object  they  wre 
arranged  to  have  a  similar  range  of  teak  ever ;  res- 
sure.  However,  the  spec t run  peak  of  tne  exclosi.: 
occurs  at  a  higher  frequency  and  largely  for  this 
reason  they  turned  out  to  c«  much  louder.  It  is 
concluded  from  this  that,  although  it  may  he  air,  15 
sible  for  subjective  purposes  to  rate  sonic  booms 
of  similar  waveform  by  peak  overpressure,  th* 
latter  is  a  useless  measure  fsr  comparing  trans¬ 
ient  sounds  :n  general. 

Judgments  on  doer  slass  wete  included  for  general 
interest.  The  subjects  found  or.  tho  average  that 
such  a  familiar  event,  ever,  though  slightly  exag¬ 
gerated  for  the  occasion,  was  28%  sore  annoying 
than  the  sonic  boons. 

7nc-  finding  here  that  a  sonic  boos  overpressure 
of  1.9  psf  was  about  as  annoying  as  subsonic  -.1- 
craft  noise  of  J10  dB  is  in  complete  agreer«r.» 
with  the  results  of  an  earlier  laboratory  invest. - 
gation  by  Broadbent  and  Robinson  {see  capsule 
summary  HRSC-o) .  The  firming  that  annoyance  0: 
sonic  booms  correlates  poorly  with  peak  overpres¬ 
sure  underscored  the  importance  of  consider  it.g  a', 
characteristics  of  the  sonic  boor,  pressure  sig¬ 
nature. 

HRSC-31 

ON  SUPERSONIC  VEHICLE  SHAPES  FOR  REDCCUW  ALTiUVr  : 

RESPONSE  TO  SONIC  BOOMS 

Walton  L.  Howes 

NASA  SP-147,  Sonic  Boor  Research,  1967,  pp. 

. r. i s  paper  is  the  sat*.:  as  that  »«*arized  .r. 
capsule  sumary  HRSC - 1 2 .  The  readsr  is  t-fer;,.! 
to  that  capsule  sumewry  for  a* tails  c f  this  wen.. 


This  short  paper  discusses  the  design  of  super* 
sonic  vehicles  to  reduce  auditory  response  to 
sonic  booms.  The  method  proposed  is  centered 
upon  obtaining  a  signature  which  approximates 
one  cycle  of  a  sine  wave.  Such  a  signature  would 
have  most  of  its  energy  in  the  infrasonic  range 
{frequencies  below  lower  cut-off  of  the  human  ear) 
thus  reducing  auditory  response  to  the  boo*. 

Using  Whit hum's  theory  {see  capsule  summary  G-3) 
and  working  backward  from  the  desired  signature, 
the  required  equivalent  body  shape  is  determined. 

The  shape  is  found  to  resemble  that  of  a  low  wave 
drag  body. 

Preliminary  results  for  the  selected  f{y)  and  a 
nominal  sea  lev**!  overpressure  of  1  pound  per 
square  foot  for  a  body  at  70,000  feet  altitude 
indicated  that  a  near  field  signature  is  not 
obtained  beyond  20,000  feet  from  the  craft  ever, 
ui  tho  optimum  Mach  number  M  .**  1.26  ,  which 

yielded  the  greatest  extent  of  the  sear  field. 

Hero  the  near-field  was  defined  as  that  region 
surrounding  the  craft  for  which  the  gradient  of 
t.-.e  pressure  signature  is  positive  immediately 
following  the  initial  shock  wave.  For  an  over¬ 
pressure  of  0.5  pounds  per  square  foot  and  other 
conditions  unchanged,  the  near-field  was  found 
to  extend  beyond  70,000  feet. 

ft  is  tentatively  concluded  that  the  simultaneous  * 
achievement  of  overpressures  greater  than  1  psf  and 
m  extensive  near  field  {to  70,000  feet  as  defined 
.-.ere)  appears  difficult. 

This  is  a  good  paper  in  that  it  demonstrated 
that  there  are  other  methods  of  reducing  human 
response  to  sonic  booms  than  reducing  the  maximum 

overpressure. 

.{SSC-33 

-UNIC  BOOM  EFFECTS  053  PEOPLE  AND  STRUCTURES 

•arvey  h.  Hubbard  and  William  H.  Mayes 

:KSA  SP-147,  Sonic  Boos  Research,  1967,  pp.  65-76 

This  paper  ..resents  a  general  discussion  of  the 
effects  of  scnic  booms  on  people  and  structures, 
vnly  the  results  concerning  human  .  capor.se  will 
b*  summarized  here.  For  a  discussion  of  the 
structural  effects  see  capsule  simssary  SR-42. 

The  significant  points  fade  m  this  paper  are  the 
following 

1.  Oittk'L  'xposures  involv  :  direct  impinge¬ 
ment  of  e  sonic  boom  waves  on  the  observer- 

Here  •  ime  is  noted  to  be  a  significant 

factor . 

2.  If  the  ofese is  inside  a  building,  the 

t  is©  duration  a'  the  waves  may  ba  more 
important  Aral  «  exposure  stimuli  are 
largely  decerm.  e-ii  .;y  the  structural  proper¬ 
ties  of  the  Such  geometric  factors 

as  door  and  win*,  a  cai.f  iguratiens  and  fne- 
•ng,  sheathing.  aa«  ,;:s*rnal  wall  arrangement 
details  are  not'd  t significant  also. 

LriTMJESS  A!W  PITCH  SEHSATlOSf  07  A s  IMPULSIVE  SXm 
OF  VERY  SHORT  DURATION 
".  Rice  and  E.  E.  2epier 

The  Journal  cf  Sound  and  Vtbr.it.  •  •  .5,  No.  2, 

:«7.  pp.  265-289 


In  this  paper  theoretical  evaluations  of  the 
absolute  loudness  and  pitch  sensations  are  inves¬ 
tigated  using  the  measured  waveform  caused  by 
firing  a  pistol  shot  in  ar.ee ho iu  listening  condi¬ 
tions.  The  experiments  described  were  carried  cut 
in  order  to  see  how  the  theoretical  predictions  of 
loudness  calculated  using  the  theory  developed  by 
Zeplsr  and  Karel  (see  capsule  summary  lffl-4)  work 
for  a  very  short  duration  transient  presented 
under  free  field  conditions.  The  source  used 
was  a  pistol  firing  0.22  cal.  blank  shots  in  ar. 
anecholc  room.  The  duration  of  the  impulse  was 
of  the  order  of  50  psec. 

Nine  subjects  were  asked  to  make  loudness  judg¬ 
ments  of  the  pistol  shots  in  relation  to  a  400  cps 
clickless  tone  burst  produced  by  a  loudspeaker. 
These  results  were  then  compared  with  calcula¬ 
tions  of  the  absolute  loudness  level  of  the  pistol 
shots.  These  calculations  were  made  using  the 
following  formula,  which  is  based  upon  the  theory 
of  Sapler  and  Bareli 

Loudness  level  (phons)  <*  102  ♦  J.O  log  {AX  10"* 

Where  A  is  numerically  the  area  under  the  k|F{*4  ;2 
frequency  curve  in  lb'-sec/ft4. 

The  loudness  results  calculated  using  this  formula 
showed  close  agreement  with  the  experimental 
findings. 

The  formula  for  loudness  given  in  this  pacer  is 
also  used  in  a  later  paper  by  Pease  {see  capsule 
summary  HRSC-35)  tc  calculate  the  loudness  of 
sonic  booms. 

IBtSC-35 

A  HIKE  GS  THE  SPECTRUM  ANALYSIS  OF  TKA.HSIE35TS  AND 

THE  LOUDHESS  OF  SONIC  BANGS 

C.  B.  Pease 

The  Journal  of  Sound  and  Vibration,  Vol.  6,  So.  3, 

1967,  pp.  310*314 

This  papsr  discusses  a  computer  program  which  was 
devised  to  obtain  the  Fourier  transform  of  a  com¬ 
plex  impulsive  waveform.  Except  where  the  complex 
ity  of  the  transient  waveform  itself  demands  it, 
data  at  closely  or  regularly  spaced  time  intervals 
is  not  required  by  this  method.  The  program  is 
applied  to  calculations  of  loudness  of  sonic  booms 
based  on  the  theory  of  Zepier  and  Karel  (see  cap¬ 
sule  summary  KESC-16) . 

Tbi*  theory  was  originally  devised  end  experi¬ 
mentally  verified  using  raap  function*  and  trap¬ 
ezoidal  pulses  which  could  be  Fourier  analysed 
by  hand.  The  method  was  prograrwod  for  a  computer 
is  the  present  paper  in  order  to  enable  it  to  be 
used  on  waveforms  of  more  complicated  shape.  In 
determining  the  Fourier  transform  of  a  transient, 
an  approximation  was  made  in  which  the  positions 
and  lengths  of  a  series  of  straight  lines  were 
selected  to  give  a  sufficiently  close  approxima¬ 
tion  to  the  original  with  the  sini»$  possible 
number  of  i ir.es .  Thus,  if  the  original  were  an 
ideal  sonic  team  "-wave,  then  just  three  lines 
would  be  used. 

The  Fourier  transform  TM  was  computed  at  each 
of  several  frequencies.  These  frequencies  were 
chosen  to  give  a  satisfactory  coverage  of  thf* 
weighted  energy  density  curve.  The  evaluation 
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of  k  (a  v,  .'jhtir.g  factor)  required  an  arbitrary 
assumption  regarding  a  scaling  factor  between  the 
amplitude  i  arameter  |f(w)]  and  the  power  scale  of 
the  ph.cn  curves  in  decibels.  Since  this  assump¬ 
tion  requ;  .H  experimental  justification,  com¬ 
putation  wa.,.  always  undertaken  for  several  alter¬ 
native  values  of  this  scaling  factor.  Bach  set 
of  values  of  k|F(«)|2  was  integrated  with  respect 
to  frequency  by  the  computer  and  an  estimate! 
loudness  obtained  for  each  using  information  from 
Rice  and  Zopler  (see  capsule  summary  HRSC-34) . 

The  figure  below  shows  the  estimated  effect  of 
intensity  and  rise  time  on  loudness  as  determined 
by  this  method,  So  variation  with  duration  was 
found  between  50  to  200  msec.  The  effect  ef  rise 
time  on  loudness  can  be  seen  to  be  quite  sig¬ 
nificant. 


l.ouJness  ofX-Wtre 

This  paper  is  significant  m  that  it  put  the  theory 
of  ■’spier  and  Karel  into  a  more  easily  used  form. 

HRSC-36 

A’!  INVESTIGATION  of  THE  EFFECTS  OF  PANGS  ON  THE 

SUBJECTIVE  REACTIONS  OF  A  COMMUNITY 

r>,  R.  B.  Webb  and  C,  K.  E.  Warren 

'Tou,v.*l  of  Sound  and  Vibration,  Vol,  6,  ?io.  3,  1967, 

pp.  5-33S 

This  paper  is  the  same  as  an  earlier  report  by 
Webb  and  Warren  (see  capsule  summary  KRSC-18) . 

The  reader  is  referred  to  that  capsule  summary 
for  details  of  this  investigation. 

iSi  SC-37 

A  SONIC  BOOM  INDEX  AND  HUMAN  REACTION  TO  IMPULSIVE 
v0."SE  , 

ir.tmaa  a,  Higgins 

FAA  Sc,_*  Study,  April  1968 


The  proposed  index,  which  takes  the  above  factors 
into  account  is: 

|£*p 

Sonic  Boom  Index  -  — — 

t 

where  K  *  arbitrarily  assigned  value  U  .educe 
situ  of  the  index 
AP  =  overpressure  in  psf 
t  =*  rise  tiiae  in  seconds 

In  another  paper  (see  capsule  summary  SR-43)  the 
author  shows  how  the  same  index  can  be  used  to 
predict  structural  reaction  to  sonic  booms,. 

HR  SC-38 

CAN  THE  SST  SONIC  BOOM  INDEX  BE  MINIMIZED  THRO 
DESIGN? 

Thomas  H.  Higgins 

FAA  Staff  Study,  May  23,  1968  ‘ 

The  main  concern  in  this  paper  was  to  determine 
whether  or  not  the  Sonic  Boom  Index  could  be 
minimised  through  design  of  the  aircraft.  The 
Sonic  Boom  Index  is  given  by  BI  ~  .05  AP/t, 
where  AP  is  the  overpressure  in  psf  and  t  is 
the  rise  time  ir.  seconds.  This  parameter  was 
shown  by  the  author  in  previous  gapers  (see 
capsule  summaries  BRSC-37  and  SR-43)  to  be  of 
use  in  de  ibino  human  and  structural  response 
to  sonic  booms. 

From  in  examination  of  wind  tunnel  test  data  on 
cone-cylinders  obtained  by  the  Boeing  Company, 
the  author  concludes  that  a  supersonic  airplane 
having  an  equivalent  body  cf  revolution  at  the 
i.3lec*-ed  design  Mach  number  which  fits  within  a 
3.5°  half-angle  cone  cylinder  would  produce  a 
signature  with  a  firifa  rise  tine  for  the  initial 
pressure  change.  Similar  tailoring  w-ju’d  be 
reguired  to  avoid  a  rear  snock  wave  with  zero 
rise  time,  such  a  signature  would  give  a  low 
Sonic  Boom  Index. 

For  a  more  thorough  discussion  o’"  the  Sonic  Boom 
Index,  the  reader  ia  referred  tc  capsule  sum¬ 
mary  i  RSC-37, 

HK8C-39 

PSYCHOLOGICAL  EXPERIMENTS  ON  SONIC  BOOMS  CONDUCTED 
AT  EDWARDS  AIR  FORCE  BASE 

K,  D.  Kryter,  P.  J.  Johnson,  and  J.  R .  young 
Final  Report,  Stanford  Research  Institute, 

August  1958 

This  report  is  essentially  the  sane  as  the  u:,r 
described  in  capsule  summary  hksc-28.  The 
reader  referred  to  that  capsule  summary  for 
details. 


A  sonic  coora  index  is  proposed  in  this  paper  for 
predicting  human  response  to  sonic  booms.  This 
index  i-  cased  upon  the  concept  put  forth  orig¬ 
inally  by  Jonnson  and  RobL.son  (see  capsule  sum- 
narv  HRBC-30)  that  the,  human  ear  will  integrate 
tne  energy  arising  m  a  given  band  completely  if 
the  whole  of  the  energy  is  received  within  a 
period  short  compared  with  the  significant  auditory 
time  constant  oe  the  human  ear.  The  index  is  also 
cased  upon  the  finding  by  Cepler  and  Hare!  (see 
.•apsu.e  summary  KRSC-16)  that,  for  impulsive 
sound,  as  the  rise  time  increases  the  frequency 
mi  energy  content  decrease  and  the  frequency  at 
which  tne  maximum  e noisy  occurs  ft) so  d<  uses. 


HRSC-40 

A  PRELIMINARY  STUDY  OF  THE  AKA  KENT*?.,  AND  STARTLE 
EFfECTS  OF  SIMULATED  SONIC  BOOHS 
Jercme  S.  Lukas  and  Karl  D.  Kryter 
NASA  CR-1193,  September  1963 

This  report  is  a  description  of  the  development 
of  the  indoor  sonic  boom  simulator  at  Stanford 
Research  Inst if.’ .  and  the  results  of  prelim¬ 
inary  experiments  concerned  with  the  effects  of 
sonic  boom®  item  Lain  simulator  sleep  and 
startle.  Only  he  results  of  the  experiments 
will  be  s  jmar tted  h-rn.  For  a  description  of  tk 


simulation  facility*  see  capsule  summary  Si-5  . 

The  objectives  of  the  sleep  experiments  described 
in  this  report  were  to  determines 

1.  The  effects  of  sonic  booms  and,  compar¬ 
atively,  the  effects  of  jet  aircraft  noise 
on  the  electroencephalographic  activity  and 
the  behavioral  activity  of  a  sleeping  person, 

2.  The  extent  to  which  individuals  say  adapt, 
according  to  these  two  measures,  to  sonic, 
booms  and  jet  aircraft  noise. 

3.  The  differences  in  sensitivity  among  individ¬ 
uals  to  awakening  by  sonic  booms  and  jet  air¬ 
craft  noise. 

A  total  of  eight  subjects  participated  in  the 
investigation.  Two  subjects  were  simultaneously 
stimulated  per  night.  All  were  21  or  22  years  of 
age  with  normal  hearing. 

The  following  preliminary  conclusions  wore  reached 
as  a  result  of  the  sleep  experiment: 

1.  The  effects  of  sonic  bouns  on  the  sleeping 
individual  is,  to  some  extent,  dependent  on 
the  individual. 

2.  Prom  tests  of  two  college  students  it  is  con¬ 
cluded  that  sonic  bccos  with  intensities  of 
1.6  and  2.1  psf  (measured  outdoors)  result  in 
significantly  more  awakening  from  stage  2 
sleep  (which  is  the  most  p.-evelant  sleep  stage 
and  occupies  about  50  percent  of  the  sleep 
cycle)  than  do  booms  with  lesser  intensities 
(.'  oi  .8  psf) . 

3.  Adaptation  (sleep  nights  1  and  2  compared 
with  nights  9  and  10)  to  booms  of  .6  or  .e 
psf  during  stage  2  sleep  occurs  and  appears 
to  result  from  a  quantal  shift  in  sensitivity 
rather  than  small,  progressive  changes  in 
sensitivity.  Adaptation  to  booms  with  inten¬ 
sities  of  1.6  and  2.1  psf  was  not  found 
during  these  tests. 

4.  Two  subjects  showed  equal  or  greater  awaken¬ 
ing  to  the  flyover  noises  of  a  subsonic  jot 
aircraft  at  intensities  of  103  and  113  PNdB 
(measured  outdoors)  than  did  the  subjects 
exposed  to  sonic  booms  at  intensities  of  up 
to  2.1  psf  (measured  outdoors).  Possible 
adaptation  no  the  subsonic  jet  aircraft  noise 
could  not  be  measured  due  to  the  small  number 
of  test  sessions  involved. 

A  startle  experiment  was  also  conducted  using  the 
sonic  boom  simulation  room.  The  objectives  of  this 
study  were  to  measure: 

1.  The  physiological  startle  response  to  indoor 
sonic  booms. 

2.  The  effects  of  startle  on  the  performance  of 
a  motor  task. 

3.  The  rate  at  which  subjects  adap^  to  indoor 
sonic  booms  as  reflected  by  startle  response 
and  performance  measures. 


In  this  experiment  twenty  college  students,  10 
males  and  10  females,  with  normal  hearing,  were 
divided  into  four  experimental  groups  and  one 
control  group.  Kales  and  females  were  evenly 
divided  among  the  five  groups.  Sonic  booms  of 
about  1.2  psf  (outdoors)  with  100  ms  durations 
and  10  ms  rise  times  were  generated  in  the  simu¬ 
lator  for  this  experiment.  The  motor  performance 
test  tats  a  stylus  tracking  board.  The  stylus¬ 
tracking  device  consisted  of  a  square,  diamond,  and 
bull s eye  laid  out  on  a  board  as  printtd  circuits, 
in  addition  to  performance  measures  the  electro¬ 
myographic  response  (IMG)  of  the  trapezius  muscle 
on  the  shoulder  opposite  the  arm  being  used  in 
the  tracking  task  was  recorded. 

Each  of  the  five  experimental  groups  had  four 
sessions  (one  day  per  week)  of  exposure  to  nine 
simulated  sonic  booms.  Each  session  was  approxi¬ 
mately  45  minutes  long,  and  consisted  of  pine 
period  of  three  minutes  each  during  which  a  boom 
would  occur  randomly  at  30,  60,  or  90  seconds  after 
the  beginning  of  the  period. 

The  following  tentative  conclusions  were  reached  as 
a  result  of  the  startle  experiment: 

1.  Startle  to  sonic  booms,  as  measured  by  an 
increase  in  skeletal  muscular  tension: 
occurs.  An  electromyographic  response  to 
simulated  booms  persisted  for  36-  'stimula¬ 
tions.  Although  inter-  and  intra-session 
adaptation  to  booms  was  found,  it  d.d  not 
reduce  tc  Control  Group  levels  JL,  this  exper¬ 
imental  situation  where  the  subjects  antici¬ 
pated  the  booms. 

2.  Sonic  booms  occurring  coincidentally  with  the 
acquisition  of  skill  on  a  new  motor  tracking 
task  appear  to  hinder  the  attainment  of  speed 
but  facilitate  (or  perhaps  permit)  the 
attainment  of  accuracy.  In  contrast,  pre¬ 
practice  exposure  to  simulated  booms  does  not 
hinder  the  attainment  of  normal  tracking 
speed  tut  does  hinder  the  attainment  of 
accuracy. 

Ti.ts  was  one  of  the  first  controlled  investigations 
of  sleep  and  startle  effects.  The  same  simulator 
used  in  this  investigation  was  also  used  in  later, 
more  extensive  investig—-  -.ons  of  the  startle  and 
sleep  effects  of  sonic  b  urns  (see  capsule  summaries 
HKSC-51  and  HRSC-53  ) . 

HR SC -41 

RELATIVE  ANNOYANCE  AND  LOUDNESS  JUDGMENTS  OF  VARIOUS 
SIMULATED  SONIC  DOOM  WAVE  FORMS 
L.  J.  Shepherd  and  W.  W.  Sutherland 
NASA  CK-1192,  September  1968 

The  results  of  a  series  of  investigations,  ini¬ 
tiated  in  an  effort  to  assess  the  effect  of  sonic 
boom  signature  modification  on  human  subjective 
response,  are  presented  in  this  paper.  The  inves¬ 
tigation  was  conducted  using  Lockheed’s  sonic  boom 
simulation  facilitv  (see  capsule  summary  SM- 6 ) . 
Included  in  this  investigation  were  the  effects  of 
rise  time,  interpeak  duration,  and  the  addition 
of  short  duration  transients  to  the  signature  ,*,w 
wave. 
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tion  againat  regnifled  boors*  is  ensured.  Thus 
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the  chosen  level  of  acceptability  of  0.1  to  0.2 
paf  ms  based  upon  an  actual  level  of  acceptability 
of  0.25  to  0.5  ps#  together  with  an  atmospheric 
magnification  factor  of  2.5  (which  it  is  stated 
would  occur  with  a  frequency  of  1/1000) . 

In  a  previous  paper  (see  capsule  sumoary  HRSC-2) 
tundberg  also  discussed  the  sonic  boom  problem. 
SoMver,  the  discussion  of  the  present  paper  is 
much  more  extensive  than  that  of  the  earlier  paper. 

The  conclusions  concerning  the  acceptable  over¬ 
pressures  for  light  sleepers  were  based  upon  very 
inconclusive  data  obtained  as  a  by-product  of  the 
Oklahoma  City  tests.  Later  tests  by  Lukas,  et  al 
(see  capsule  summary  HR-36)  showed  that  the  light¬ 
est  sleeper?  (men  aged  about  72  years)  were 
awakened  by  about  32  percent  of  boons  ranging  from 
0.63  to  5.0  psf  in  intensity.  This  indicates 
that  the  acceptable  overpressure  level  of  0.1  to 
0.2  p*f  chosen  by  the  present  author  may  be  unnec- 
sarily  low. 
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This  is  a  report  to  the  Secretary  of  the  Interior 
of  a  special  study  group  on  nois»  and  sonic  boom 
in  relation  to  man.  The  study  group  considered 
various  aspects  of  the  sonic  boom,  together  with 
those  effects  on  man  which  would  be  expected  from 
regular  commercial  flights  of  supersonic  transport 
aircraft. 

After  reviewing  the  state  of  knowledge  concerning 
all  aspects  of  the  sonic  boom  problem,  the  study 
group  arrived  at  the  following  conclusions: 

1.  If  eoEKwrcial  SST's  are  allowed  to  fly  at 
supersonic  speeds  over  the  continental  United 
States,  the  expected  frequency  and  intensity 
of  sonic  booms  would  represent  a  signifi¬ 
cantly  large  increase  in  the  noise  level,  and 
in  the  number  of  people  exposed  to  intense 
noise.  The  response  of  the  estimated  40 
million  people  in  the  25-mile  wide  swaths 
swept  by  frequent  and  intense  booms  can  be 
expseted  to  be  sjjr'lar  to  that  of  residents 
of  neighborhoods  adjacent  to  busy  metro¬ 
politan  airports  under  the  flight  paths  of 
planes  taking  off. 

2.  Reactions  to  sonic  booms  depend  on  their 
intensity  and  frequency.  There  is  consider¬ 
able  Initial  adaptation  following  several 
months  of  exposure,  but  even  after  several 
years  of  experiencing  booms,  most  peop)e  find 
the  booms  objectionable  or  worse.  Extensive 
research  at  Edwards  Air  fore.*  Base,  Oklahoma 
City,  and  in  France,  shews  that,  even  after 
some  years  of  continued  exposure  to  sonic 
booms,  30%  of  the  people  exposed  to  booms  at 
levels  tnticipated  for  the  7 'ST  would  find 
the  boons  to  be  "intolerable"  or  "unaccept¬ 
able"  and  an  additional  50%  would  find  them 
"objectionable." 
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3.  Persons  experiencing  sonic  booms  are  startled 
and  diverted  or,  if  asleep,  may  be  awakened 
in  the  same  manner  as  those  who  hear  an 
unexpected  loud  thunderclap  or  a  large  explo¬ 
sion,  These  effects  may  be  accompanied  by 
Increased  pulse  rate  and  other  minor  and 
transient  physiological  changes,  but  they  are 
not  believed  to  be  harmful  in  themselves  nor 
to  endanger  hearing. 

4.  Studies  of  public  reaction  to  aircraft  and 
other  extreme  noises  in  the  United  States, 
France,  and  Britain,  have  consistently  shown 
that  when  frequency  and  Intensity  of  noise 
exceed  certain  measurable  indices,  many  peo¬ 
ple  consider  the  noise  so  objectionable  that 
they  resort  to  protest,  to  political  pres¬ 
sures,  to  legal  procedures  and  to  other 
active  (and  costly)  measures  in  efforts  to 
achieve  relief.  Regular  overland  commercial 
flights  of  SST’s  over  the  continental  United 
States  would  engender  Intensities  and  fre¬ 
quencies  of  sonic  booms  exceeding  these 
indices  over  large  areas  of  the  country, 
inhabited  by  tens  of  millions  of  people.  The 
negative  public  reaction,  which  can  be  pre¬ 
dicted  from  the  studies  already  made,  would 
be  exceedingly  large. 

5.  Complaints  and  damage  claims  derived  from 
sonic  booms  have  already  forced  restrictions 
on  the  flights  of  military  supersonic  air¬ 
craft  over  populated  parts  of  the  country, 
although  the  intensities  of  the  booms  created 
by  such  aircraft  are  less  than  those  pre¬ 
dicted  from  the  SST,  and  although  the  fre¬ 
quency  of  the  booms  from  military  aircraft 
has  been  far  less  than  that  which  would  occur 
should  the  SST  enter  into  full  commercial 
service  over  the  continental  United  States. 
Based  on  this  complaint  history,  it  is  esti¬ 
mated  that  regular  commercial  overland  super¬ 
sonic  flight  would  produce  from  3  to  6 
million  damage  complaints  per  year  to  public 
authorities.  One  out  of  3  to  4  complaints 
would  be  followed  by  a  property  damage  claim, 
and  about  half  of  these  claims  Mu  id  result 
in  an  award  of  damages. 

6.  "  conservative  estimate  of  the  expected  con¬ 
tinuing  annual  cost  of  the  repair  of  damages 
to  houses  and  o  ther  structures  (not  counting 
the  cost  of  processing  claims  or  inspection 
of  damages)  is  at  least  $35  million  and  pos¬ 
sibly  more  than  $80  million  per  year. 

7.  Although  the  value  of  the  time  saved  by  the 
busy,  highly-paid  persons,  who  would  prob- 
aily  be  t’’e  majority  of  SST  passengers,  might 
be  50  to  100  times  greater  (about  $3  billion 
par  year)  than  the  physical  damage  resulting 
from  the  sonic  boons,  the  number  of  people 
who  would  be  gravely  annoyed  and  disturbed 
proboLiy  would  be  larger  then  the  s'.umber  of 
individuals  using  the  SST's,  Subjecting  this 
large  part  of  t  a  population  to  inescapable 
conditions  that  some  regard  as  intolerable 
and  many  as  seriously  objectionable  is  part 
of  the  price  that  would  have  to  be  paid  for 
the  advantages  of  SST  supersonic  flights 
within  the  United  States. 
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2.  Startle  occurs  in  response  to  the  sonic  boost, 
however,  the  extent  to  which  adaptation  of 
startle  to  the  boom  stay  occur  is  undetermined. 
Typical  transient  changes  in  respiration, 
heart  rate,  etc.,  might  be  expected  to  accom¬ 
pany  startle. 

3.  Sleep  interference,  which  say  be  a  major  deter¬ 
minant  of  public  reaction,  was  observed  for 
simulated  sonic  booms  in  excess  of  1.0  psf 

for  which  adaptation  did  not  occur  during  the 
test  period.  Long  tors  effects  of  repeated 
daily  exposure  to  sonic  booms  are  not  known. 

4.  Comparative  judgments  of  the  relative 
annoyance  of  sonic  booms  and  aircraft  noise 
are  in  good  agreement  and  form  a  basis  for 
considering  the  acceptability  of  sonic  booms 
in  terms  of  a  Composite  noise  Rating  {a 
method  of  relating  the  undesirable  aspects 
of  noise  exposure  to  response  behavior  of 
people  by  means  of  calculations  based  an  the 
characteristics  of  the  noise  exposure! . 

5.  A  level  of  acceptability  of  sonic  boom 
exposures  in  the  community  has  not  been 
determined. 

6.  Sonic  booms  from  fully  operational  SST's  fly¬ 
ing  of  the  U.S.  would  likely  result  m  wide¬ 
spread  action  against  the  boon  and  ita  source. 

7.  Although  physical  parameter!  oi  the  =&r.ic 
boom  signature  important  u.-  annoyance  or 
loudness  have  been  identified,  a  standard 
procedure  for  measuring  and  describing  the 
sonic  toots  is  not  agreed  upon  and  in  uas. 

Peak  overpressure  to  widely  describes  as  leas 
than  satisfactory  but  r«sa  -  .ns  the  unit  and 
parameter  found  almost  un .warsaily  u.  the 
scientific  and  techtu  ai  -immunity. 

This  is  a  food  susstery  of  state  of  anc-wi 
.tincerning  human  rasper  *•  *  w>-  t«.e>  aa  of  1*49. 
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The  purpose  of  this  study  vAt  ! ,  1*t war 

quiet  a  sonic  boom  cou.i  tv-,  y-t  stil!  *f»w  *?<.&«- 
able  effects  on  the  werf.-.j-satv  *•  r  i  fast  visual 
task  performed  by  eub’i-Jt*  working  indoor »  Re¬ 
corded  some  boon  ware  *j««d  to  obissr.  sound 
pressure  1bv*i»  correetonding  t;  in*  indoor 
eiaulatior,  •ts^-ericp.eed  for  outdsi.-*r  sonic  boom* 
of  0,00  psf  te  2.53  p»f, 

A  filmed  display  presented  seventy  pair*  of  cards, 
•ash  card  containing  six  symbols.  The  ta»fc  was  to 
stake  a  compel  isson  between  the  ;sa»ber»  of  a  pair, 
•rating  orally  how  many  identical  »yrsfeois  they 
contained.  The  cards  appeared  m  a  continuous  bit 
irregular  stream  over  a  period  of  four  sinute*.  so 
that  the  required  rate  of  working  was  very  fast, 
and  varied  with  the  rat#  of  display,  Tht*  activity 
had  previously  shown  a  temporary  deterioration  when 
accompanied  by  irrelevant  bursts  at  noise. 


The  spectrum  of  the  sonic  bam  contain™*  ajiil*  IM 
frequencies  in  a  rang*  up  to  2000  It*.  VKiVnlnisiii* 
limitations  of  recording  and  riipredusticri  tmmlkma 
in  the  loss  of  frequencies  below  to  Hr  Sts*  t-M 
original  boom.  For  test  use,  thr««  spUmI  p»My« 
levels  were  prepared  corresponding  te  beoss  having 
outdoor  peak  pressure  of  0.80,  1,42,  aid  2, S3  psf. 
The  sonic  boas  was  presented  through  teKLsjeafcwB 
in  an  isolated  test  room. 

It  is  stated  that  in  earlier  studies  the  fwioa  of 
significant  performance  impairment  was  confined  to 
the  30  seconds  following  the  onset  at  a  brief  noise. 
In  that  time  accurate  responses  fell  off  sharply. 

In  the  succeeding  period  the  standard  of  performance 
rose,  only  to  deteriorate  when  the  next  burst  of 
noise  occurred.  This  same  pattern  of  impairment 
and  fairly  rapid  recovery  was  found  with  the  sonic 
booms.  The  quantity  calculated  was  the*  difference 
between  the  number  of  incorrect  answers  ir.  the 
critical  post-noise  lair  minutes  and  those  incorrect 
in  the  quiet  control  periods. 

It  was  found  that  after  a  boom  of  2.53  psf  the 
important  result  was  an  increasing  tendency  to  omit 
answers,  bone  of  the  effects  Of  the  booms  at  levels 
of  1,42  psf  and  0.80  psf  were  statistically  signifi¬ 
cant.  It  is  noted,  however,  that  the  performance 
of  43*  of  tfi©  subjects  who  worked  with  1,42  psf  and 
0,80  psf  pressure  did  have  a  tendency  to  deteriorate 
despite  th*;  statistical  insignificance. 

On  the  other  hand,  out  of  the  total  sample  of  108, 

33  subjects  actually  improved  after  a  boom,  and  21 
did  not  change  in  either  direction.  Renee,  the 
work  of  -exactly  half  of  *11  those  tested  did  not 
cletor  ic-rate  because  of  sonic  booms,  especially  the 
lew  noisy  booms. 

Th®  significance  of  this  investigation  lies  in  its 
indication  that  the  overpressure  level  at  which 
conic  lootis  begin  r.o  impair  performance  of  a  fast 
visual  task  is  somewhere  between  1.4  psf  and  2.5 
psf.  This  agrees  qualitatively  with  the  findings 
of  Broaohont  and  kobinson  (see  capsule  summary 
RfljtC-Sl! ,  and  Pearsons  and  Jtryter  (sea  capsule 

awaary  'aFciC-lO!  that  the  Maximum  acceptable  over- 
|.rf-uas  lav?!  is  about  1,9  psf, 
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p.  P .  !nnr>aon  and  D.  W.  Robinson 

Vol.  21-  to.  6,  1969,  pp.  307-318 

A  procedure  for  calculating  the  loudne**  of  .sonic 
tew*.  i»  describee  »n  this  paper  and  i*  applied  to 
.todei  «wfo0>s  1. iced  on  likely  value*  of  oVerpres- 
eur-,  aureti or.,  and  rise  time  with  allowance  few 
interaction  betwmrr.  incident  and  ground  reflected 
shock  wav#!,.  Tom  determination  of  th*  energy 
spectfw-  by  Fourier  analysis  of  the  waveform  is 
desoribad  first.*  the  way  in  which  th*  standard 
lct>bn* calculation  for  continuous  Bound  is 
adapted  to  the  ease  of  brief  transient*,  such  as 
sonic  boosts  with  high  levels  of  very  low  frequency 
energy,  is  then  given  in  detail  and  itrtsarlssed  is 
the  appendix 

The  following  is  «  sussary  of  the  procedure  trzf  con¬ 
clusion  of  this  papers 
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tracing  performance  during  the  five  test  sessions. 
Flyover  noises  did  not  effect  tracing  performance 
nor  result  in  electromyographic  response.'  of  the 
magnitude  found  as  a  result  of  the  sonic  boosts, 
the  control  group,  which  performed  the  tracing  task 
without  booms  or  flyover  noises,  did  not  show  tr.y 
significant  change  in  performance  or  change  in 
muscle  tension  throughout  four  test  sessions. 

In  an  earlier  study  using  the  same  sonic  boo* 
simulation  facility,  Lukas  and  Kryter  {see  capsule 
suawary  HRSC-40)  used  college  students  in  an 
investigation  which  investigated  the  effect  of 
sonic  booms  on  a  self-paced  tracing  task.  That 
investigation  showed  that  a  rapid  but  brief  in¬ 
crease  in  activity  of  the  trapesius  muscle  occurred 
in  response  to  simulated  sonic  booms.  After  16 
stimulations  the  amplitude  of  the  electromyographic 
activity  was  reduced  relative  to  the  initial  levels, 
but  not  to  the  level  of  a  control  group  which  had 
not  been  stimulated  by  boons. 

This  was  a  significant  investigation  in  that  it  did 
show  that  booms  of  2.5  psf  overpressure  (as  was- 
ured  outdoors)  impaired  performance  of  a  paced 
tracing  ta-K .  The  results  would  hav#  been  more 
useful,  however,  if  the  lower  limit  of  over 
'  pressure  at  which  performance  was  impaired  had 
been  established  also,  such  as  the  investigation 
*  by  Wood  heat;  (see  capsule  summary  HRSC-49) . 

HRSC-52 

STUDY  OF  THE  AUDIBILITY  OF  IMPULSIVE  SOUNDS 
Sanford  Fide 11  and  Karl  S.  Pearsons 
NASA  CR-1598,  Hay  1970 

In  the  investigation  described  in  this  paper,  six 
experiments  were  performed  in  an  ancchoic  chamber 
to  investigate  the  effects  of  various  physical 
parameters  en  the  perceived  noisiness  of  impulsive 
signals.  The  parameters  investigated  included 
phase,  duration,  intersignal  interval,  repetition, 
and  frequency.  The  subjects  were  selected  from  a 
group  consisting  primarily  of  college  students 
ranging  ir,  eg-  fro*  17  to  32  years,  with  a  median 
age  of  twenty  years.  They  wt.o  instructed  to 
depress  one  of  two  lighted  response  switches  cor¬ 
responding  to  the  more  noisy  of  a  pair  of  signals. 
Each  pair  of  signals  contained  in  random  order  an 
invariant  standard  signal  and  a  variable  compel i- 
son  signal  (including  N-wavea) . 

The  following  three  major  conclusions  were  reached 
as  a  result  of  this  series  of  experiments: 

1 .,  Variations  in  the  phasu  spectra  of  impulsive 
signals  of  similar  amplitude  spectra  do  not 
affect  subjective  judgments  of  perceived 
noisiness.  Two  signals  of  identical  ampli¬ 
tude  spectra  but  different  phase  spectra 
say  sound  dissimilar  ut  they  do  not  vary 
in  judged  noisiness. 

2.  The  human  oar  appears  to  function  as  an 

energy  detector  in  evaluating  the  noisiness 
of  impulsive  signals.  Support  for  this  con¬ 
clusion  was  found  in  the  "duration"  experi¬ 
ment  (3  da  increase  in  noisiness  per  duration 
doubling).  There  was  insufficient  evidence 
to  substantiate  the  existence  of  a  specific 
value  for  the  ear’s  time  constant. 


3.  The  common  correction  contours  (such  as 
Perceived  Noise  Level!  may  undercorrect  in 
the  low  frequency  regions  and  thus  should  be 
applied  with  caution  to  impulsive  signals 
with  appreciable  low  frequency  content,  such 
as  sonic  booms. 


It  is  important  to  note  that  the  instructions  for 
this  investigation  used  “annoyance"  and  “noisi¬ 
ness"  rather  than  "loudness"  which  wa*  used  in 
several  other  inves tigo ‘ions  (see  capsule  suntaries 
HRSC-70,  HSSC-50,  HRSC-41,  HRSC-35,  and  HRSC-16 
for  example) ,  It  is  stated  that  there  is  fairly 
strong  evidence  that  judgments  of  “annoyance" 
and/or  "noisiness'*  are  somewhat  different  from 
judgments  about  "loudness"  of  impulsive  sounds, 
and  that  this  difference  appears  to  be  particu¬ 
larly  important  when  the  judgments  are  made  of 
repetitive  impulsive  sounds. 


HRSC-53 

AWAKENING  EFFECTS  OF  SIMULATED  SONIC  BOOKS  AND  SUB¬ 
SONIC  AIRCRAFT  NOISE  OU  SIX  SUBJECTS,  7  TO  72  YEARS 
OF  AGE. 

Jerome  S.  Lukas  and  Karl  D.  Kryter 
NASA  CR-1599,  Hay  1970 

The  same  sonic  boom  simulation  facility  described  in 
capsule  summary  HRSC-40  was  used  in  the  present  in¬ 
vestigation  to  determine  the  awakening  effects  of 
simulated  sonic  booms  and  subsonic  aircraft  noise. 

In  this  experiment  six  persons  aged  7,  B,  41,  54, 

69,  and  72  years  were  exposed  during  sixteen  experi¬ 
mental  nights  to  simulated  sonic  boons  (0.63  to  2.5 
psf)  and  recorded  noise  £101  to  113  RHdB)  from  a 
subsonic  aircraft. 

The  objectives  of  the  study  reported  here  were  to 
determine:  (1)  the  effects  over  a  period  of  about 
one  month,  of  sonic  booms  and  subsonic  turbojet 
aircraft  engine  noise  on  the  elect roe ncephalographic 
(EEC)  activity  and  the  behavioral  awakening  of  a 
sleeping  person,  and  (2)  the  difference  in  sensi¬ 
tivity  among  individuals  of  different  age  groups  to 
sonic  booms  and  jot  aircraft  noise. 

The  following  conclusions,  considered  tentative 
because  of  the  small  number  of  subjects,  were 
reached  as  a  result  of  this  investigation: 

1.  In  a  "typical"  house,  pet^le  aged  about  70 
years  are  more  likely  to  be  awakened  by  both 
simulated  sonic  booms  and  jet  aircraft  noise 
than  are  younger  people  (ages  of  about  8 
years  and  4?  years). 

2.  People  aged  about  70  years  are  awakened  by 
about  70  percent  of  the  simulated  sonic  booms 
(0.63  to  1.25  psf,  as  measured  outdoors,  and 
on  the  average  by  about  55  percent  of  the 
subsonic  jet  aircraft  flyovers  (103-107  PtkJB, 
as  measured  outdoors). 

3.  In  a  "typical"  house,  people  aged  about  7 
years,  2?  year*,  and  41-54  year#  are  likely 
to  bo  awakened  about  17%  of  the  time  by  sub¬ 
sonic  jet  aircraft  flyovers  of  intensities 
from  about  90-113  M*3B  as  measured  outdoors, 
and  only  about  2t  of  the  time  by  sonic  boo«3 
of  intensities  0.63  to  2.5  psf,  as  measured 
outdoors. 
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4.  Changes  in  the  EttS,  indicating  im  arousal 
from  sleep,  are  not  as  interpretatie  or  per¬ 
haps  as  consistent  an  indicator  of  differences 
in  sensitivity  of  the  different  age  'roups  to 
bocas  or  aircraft  noice  as  is  behav,.  ral 
awakening. 

5.  Stage  of  sleep,  as  indicated  by  EEC  pattern, 
is  correlated  with  sensitivity  to  behavioral 
awakening. 

b.  Adaptation  offsets  as  measured  by  a  compari¬ 
son  between  the  responses  on  the  first  six 
and  last  six  nights  of  testing  were  not  con- 
si stent  a song  tiw  groups  for  either  boces  or 
aircraft  noise.  In  general,  there  appeared 
to  be  little  adaptat  1st.  to  the  boons  but  soa* 
adaptation  to  the  aircraft  noise. 

7,  Averaged  over  all  age  groups,  it  appears  that 
boons  of  0.61  to  1.5  psf  are  as  awakening  «» 
aircraft  noise  of  93  ts  113  PHdS  Ebotft 
sounds  measured  outdoors) . 

This  st  s  very  important  investigation  since,  in 
establishing  son it  boos  acceptability  criteria,  it 
sust  bo  known  which  portion  of  the  population  is 
most  likely  to  be  awakened  by  sonic  beo&s  and  at 
what  level  of  sonic  boos  intensity  they  will  be 
awakened.  The  results  of  this  investigation  gave 
qualitative  answers  to  both  of  these  questions. 
However,  due  to  the  small  timber  of  subjects  used 
the  results  cannot  be  considered  as  conclusive. 

JI3SC-34 

PUBLIC  RXACTIOHS  TC  SOUIC  BOOMS 

Tracer ,  Inc. 

CASA  Cr-1663,  September  1970 

This  report  assesses  the  nature  of  public  react: or 
to  scenic  boon#  in  selected  metropolitan  areas  of 
the  United  IttUi,  and  identifies  the  major  social 
or  psycho1  gical  factors  that  ate  associated  with 
on*  or  another  type  of  public  reaction  to  sonic 
boom*  of  relatively  modest  overpressure  levels. 

The  sonic  boos*  were  generated  by  the  supersonic 
SB-?1  re conns  issaneo  airplane  during  Air  Force 
training  and  test  flight*.  These  flights  were 
carried  out  in  1967  over  the  following  Fix  tsajor 
wtropolitar.  areas:  Atlanta,  Chicago,  •  las, 

Denver,  bos  Angeles,  and  Minneapolis. 

The  peak  overpressures  from  the  SR-71  flights 
ranged  in  mean  values  from  slightly  Ic-ms  than  1  psf 
to  about  2  psf.  The  avc-rjg#  timber  of  booms  varied 
froa  or.e  to  three  booan  every  throe  days. 

A  total  of  e,  375  completed  questionnaires  were  ob¬ 
tained  during  the  periods  before,  during,  and  after 
the  SK-71  flights.  The  following  conclusions  were 
reached  based  or.  the  result  %  of  these  questionnaireai 

1.  Respondents  iwve  a  negative  attitude  toward 
tiir  some  boom,  and  this  attitude  increases 
rapidly  in  strength  a*  'be.  nusbor  vf  booms 
Per  day  increases. 

2.  Respondents  rank  the  Loos  at  the  top  of  tho 
list  Of  "wist  unwanted"  sounds  :r.  tho 
neighbor tood  even  though  they  indicate  their 
normal  he-anehold  activities  are  net  disturbed 
any  pore  during  the  SK-7I  flight  bcoeing  thar- 
thoy  we:  e  before  the  flights.  Sir.ce  the 


majority  of  :  eupendtmts  dexerxb «d  thu 
as  startling,  it  scobs  reasonable  to  expect 
that  this  ixp-uisa  type  neural  would 
disturbance  of  activities,  but  certainly  it 
would  rank  high  as  a-i  unwanted  sound. 

The  annoyance  of  respondents  toward  tlsu  t 
inertia ntri  ty  a  factor  of  two  during  baste i:  , 
as  compared  to  tht  level  of  anr.u/ar.cu  ps  ,  : 
to  tho  SR-71  flights.  The  absolute  level  E 
annoyance,  even  under  coming  is,  KuWcVur, 
not  unuiuaiiy  high  whar,  compared  with  in. 
annoyance  to  other  sounds.  ".to  pr<  -3N-'. ; 
flight  annoyance  level  for  boo#*  was  us,w,u- 
il  iy  toe  t.  ‘ r-  .-  as  t ho  ammyat— *e  XeVei  for 
“dogs  and  otner  pots”;  wiwreas  at  t:-it  son- 
time  the  level  of  annoyance  foi  automobile* 
and  truck*  »i  one  arid  unc-talf  times  that 
for  sonic 

There  arc  no  real  difference!:  in  u,  so.  n- 
econoaic  level  Ei.e.,  level  of  occtiiatii 
incOfM,  education,  eu..j  of  the  complainant •• 
and  non-coesplasna/.tb.  r no  only  real  dif¬ 
ference  is  chat  sore  tnan  90  pvr-er.t  ot  t 
complainants  own  their  homes  and  feci  tint 
the  boos  to  damaged  tht-ir  hoses. 

The  complainants  are  not  usua . y 
to  noise  in  general  (when  oomoorud  tj 


Complainants  .  :io.,s<'  tht  ,-c.;.:c  boua  .m  i .... 
.»os6  unnecessary  and  hence  the  first 
‘hey  would  like  to  eliminate;  whereas 
oonpldinac-is  rate,  ti:,  t.-w  „.irat  tv...*,  » •„ 
boos  slightly  below  hoc  reds/notoruyeie.  e-i 
subsonic  aircraft  operations. 

Alaost  three-fourths  o?  all  tORrlainat.- 
a  strong  negative  attitude  toward  ’h-  w  * 
corps  rod  to  about  one-half  of  th*-  non- 
complainants  who  have  the  same  strong 
negative  attitude. 

There  is  not  a  large  dl.-feroiwv  in  the  res¬ 
tive  attitude  towatd  the  boom  fcr:*v..  t  -  .  •  ■ 
and  non-renters;  but  cf  tnowv  who  -cmi  !  ,ii.. 
over  00  percent  a: <-  hccte  owners. 

Caeplainar.t*  report  that  tneir  ha  no t  i 
activities  are  twi.o  a*  disturbed  .  -.cpai..:  • 
nor. -comp  li  manta . 

There  at  best,  only  a  slight  i;:.-.:  -.f 
negative  news  media  o.v.-rage  upon  ti*  atti¬ 
tudes  of  the  respondent*  toward  ti;s  P-w.. 

A  tentative  causal  node!  relating  tr,.  it:,.: 
of  sonic  to  attitudes  arwl  tea.  t  K  .. 

indicates  that  a  negat attitude  t.v.i.i  •  . 
boots  »u?:t  t-c  (!cv«;«,*i>J  1“  fort  the  r^,.;nt.  1. 
rejx>rti.  a.  morr jsv  in  uiaturta;..*  ~>i  ; ■  i .. 
activiti<s.  It  is  this  JiMturhai—v  o’ 
Ktivita-a  that  then  relates  to  tie-  i  I 

annoyance  of  the  rea{x,nd-f>t.  The  imj't.r:  e 

of  this  finding  that  the  rea. ti-i.  s  ittes.. 
appears  to  be  >* ; f ief  «:  *  tor  soi.t*  tx.ur.ie 
aubsoni  -  a-r^r.,ft  rrfiis-  -  All h'lug:.  ti.i  ev,  ■ 
dene*  is  :  ip ; mo ,  (}ie  rviuiti  sucq;  »t  ti.ai 
scientific  questions  say  well  as  t._ 

the  Boar.ing  of  “.unit  .il.'l"  oxiHtn*  :  t* 
equating  ao-.-ptabii  ity  c-f  iaoms  ■_% : »i  eut-soiu. 
s»i6«. 
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Daring  any  one  night,  the  intensity  of  the  simu¬ 
lated  boats  reseined  constant  but  «tss  changed  be¬ 
tween  the  three  nights.  The  St  rttuius  used  through¬ 
out  ms  intended  to  represent  a  reasonable  fac¬ 
simile  of  an  indoor  sonic  boon.  The  sound  used  in 
this  study  was  a  recording  taken  from  a  sonic  been 
simulator.  By  altering  conditions  with  the  booth 
a  signature  of  an  indoor  boom  was  obtained  which 
closely  resembled  those  recorded  inside  buildings 
overflown  supersonically.  Three  intensities  of 
this  recording  were  used-low,  medium,  and  high. 
Measurement*  of  stimuli  played  through  the  loud¬ 
speaker  in  the  bedroom  were  taken  at  the  head 
position  of  the  sleepers. 

The  following  conclusions  were  reached  as  a  result 
of  this  experiment r 

1.  There  were  more  awakenings  during  the  three 
"adaptation*  nights  (79  overall)  than  the 
subsequent  four  nights  (69) .  The  frequency 
of  awakenings  over  the  7  nights  revealed  a 
declining  trend,  which  may  be  suggestive  of 
a  gradual  adaptation  to  the  sleeping  and 
experimental  conditions  regardless  of  stim¬ 
ulus  intensity. 

2.  There  were  marginally  fewer  awakenings  on 
control  sights  compared  to  sonic  boom  nights. 

3.  There  were  as  great  differences  ir.  the  per¬ 
centages  of  awakening  in  response  to  simu¬ 
lated  bows  of  different  intensities. 

Overall  subjects  awoke  to  14.28*  (35/245) 
of  the  rmie  booms.  Subjects  were  awakened 
oy  approximately  the  sms  number  of  low. 
medium,  and  high  intensity  sonic  booms. 

4.  The  distribution  of  all  awakenings  was 
found  to  he  unequal  in  the  first  and  second 
halves  of  the  night;  75.53*  of  the  awaken¬ 
ings  occurred  in  the  second  half  of  the 
night. 

5.  Subjective  fatigue  was  rated  as  being 
greater  on  experimental  than  central  nights. 

6.  Subjects  rated  the  quality  of  their  sleep  as 
worse  on  experimental  nights  than  control 
nights,  although  the  differences  in  rating 
were  mail. 

7.  no  change,  in  personality  factors  or  anxiety 
were  evident  as  a  result  of  the  experiment, 

5.  There  ms  a  significant  trend  between  higher 
neuroticism  scores  and  more  frequent  awaken¬ 
ings  ir,  response  to  Simula  ted  besets. 

9.  The  group  ratings  of  the  quality  of  sleep 
were  found  to  be  independent  of  experimental 
conditions  (control  and  3  experimental 
nights) ,  but  individuals  who  awoke  to  a 
higher  percentage  of  booms  tended  to  rate 
the  quality  of  their  sleep  as  worse, 

10.  It  is  tentatively  concluded  that  behavioral ly 
and  subjectively,  sleep  int-rferense  due  to 
sonic  boom*  is  similar  tc  sleeping  in  an 
unfamiliar  environment  and  strange  bed. 

Two  previous  sir  liar  investigation*  of  the  effect* 
of  sonic  booms  on  «1»bd  were  conducted  by  Lukas  and 


Krytsr  (see  capsule  summaries  HRSC-4Q  and  HREC-S3) . 
The  results  of  their  experiments  were  mush  more 
quantitative  in  nature  than  those  of  the  present, 
investigation.  Aim,  the  simulated  booms  used  by 
Lukes  and  Kryter  were  of  better  quality  than  those 
of  the  present  investigation.  However,  the  results 
of  the  present  investigation  are  significant  in 
that  they  tend  to  complement  those  of  the  previous 
investigations. 

KR5C-57 

AWfcMmrss  effects  or  snt)  dated  sqsxc  books  asd  SUB¬ 
SONIC  AISCRAFT  5*CI5E 
Jerom*  s.  Mas  and  Earl  0.  Kryter 
Physiological  Effects  of  Noise,  Edited  by  Brae*  L. 
Welch  and  AMwmario  ?.  Welch,  Plenum  Press,  Sew  York- 
London,  1970,  pp.  263-293 

This  paper  is  essentially  the  same  as  another 
paper  by  Lukas  and  Krytsr  described  in  capsule 
summary  HRSC-53.  The  reader  is  referred  to  that 
capsule  suMary  for  details  of  this  work. 

HR  SC-59 

ON  THE  A£g£SS*ffiNT  OF  THE  ANNOYANCE  OF  A  SERIES  OF 
SONIC  BOCK  EXPOSURES 

Hatchet,  il,  Muller,  E.  A.,  and  Otenneier,  F. 

Acustica,  Voi.  23,  1970,  pp.  49-50. 

This  short  note  deals  with  the  assessment  of  eh* 
annoyance  of  a  series  of  sonic  boom  exposures, 
occur ir.g  during  a  certain  period  of  time.  The 
method  is  based  upon  the  loudness  calculation  for 
a  single  boom,  as  given  by  Johnson  and  Robinson 
(see  capsule  summary  HSSC-50) . 

The  relation  proposed  fo.  the  assessment  of  the 
annoyance  of  a  series  of  noise  exposures,  based 
upon  EPS  Levels  (Effective  Perceived  Noise  Levels} 
Of  the  single  noises  is 

Egm,  *  10  iogl0  [l2  *  iotEm)iA°  j  . 

where  EQML  *  Equivalent  Perceived  Noise  Level 
EFSL  *  JRLL+6,  Mere  JRLL  means  the 

Johnson-fesfcinson  Loudness  level  for 
sonic  boosts 
»  10  Seconds 

and  the  sasstation  is  over  all  noise  events  within 
the  time  T. 

Data  from  the  Oklahoma  City  tests  (see  capsule  stss- 
sary  HRSc-9!  and  the  Edvards  Air  Farce  Base  sonic 
boom  experiments  (sue  capsule  summary  HRSc-28)  are 
used  to  show  that  the  relation  gives  results  that 
agree  quite  Mil  with  experimental  findings. 

This  ms  the  first  attempt  to  quantitatively  de¬ 
scribe  the  cumulative  effect  on  annoyance  result¬ 
ing  from  a  series  of  sonic  booms. 

W3C -59 

THE  AGE  OF  THE  SUPERSONIC  JET  TRANSPORT:  ITS  ENVIRON¬ 
MENTAL  AND  LEGAL  IMPACT 
John  S.  Montgomery 

Journai  of  Air  Law  and  Commerce,  VoL.  38,  1970, 
pp,  577-614 

This  paper  presents  a  discussion  of  the  environ¬ 
mental  and  legal  impact  of  overland  coemereial 
supersonic  flight,  A  very  general  discussioii  of 
sonic  boos,  phenomena  is  given,  together  with  a 


During  any  one  night,  the  intensity  of  the  simu¬ 
lated  booms  remained  constant  but  mm  changed  be¬ 
tween  the  three  nights.  The  stimulus  used  through¬ 
out  was  intended  to  represent  a  reasonable  fac¬ 
simile  of  an  indoor  sonic  boom.  The  sound  used  in 
this  study  was  a  recording  taken  from  a  sonic  bee* 
simulator.  By  altering  conditions  with  the  booth 
a  signature  of  an  indoor  boom  wets  obtained  which 
closely  resembled  those  recorded  inside  buildings 
overflown  supersonically.  Three  intensities  of 
this  recording  were  used — low,  medium,  and  high. 
Measurements  of  stimuli  played  through  the  loud¬ 
speaker  in  the  bedroom  were  taken  at  the  head 
position  of  the  sleepers. 

The  following  conclusions  were  reached  as  a  result 
c£  this  experiments 

1.  There  were  more  awakenings  during  the  three 
"adaptation*  nights  (79  overall)  than  the 
subsequent  four  nights  (69) ,  The  frequency 
of  awakenings  over  the  7  nights  revealed  a 
declining  trend,  which  may  be  suggestive  of 
a  gradual  adaptation  to  the  sleeping  and 
experimental  conditions  regardless  of  stim¬ 
ulus  intensity. 

2.  There  were  marginally  fewer  awakenings  on 
control  nights  compared  to  sonic  boom  nights - 

3.  There  were  no  great  differences  in  the  per¬ 
centages  of  awakening  in  response  to  simu¬ 
lated  boons  of  different  intensities. 

Overall  subjects  awoke  to  14.28*  (36/246) 
of  the  ramie  booms.  Subjects  were  awakened 
ey  approximately  the  same  number  of  low, 
medium,  and  high  intensity  sonic  booms. 

4.  The  distribution  of  all  awakenings  was 
found  to  be  unequal  in  the  first  and  second 
halves  of  the  night;  75.53%  of  the  awaken¬ 
ings  occurred  in  the  second  half  o:  the 
r.ight. 


Kryter  (Me  capsule  summaries  HRSC-4G  and  Hkfc'C-53) 
The  results  of  their  experiments  were  much  more 
quantitative  in  nature  than  these  of  the  present 
investigation.  Also,  the  simulated  booms  used  by 
Lukas  and  Kryter  were  of  better  quality  than  those 
of  the  present  investigation.  However,  the  result; 
of  the  present  investigation  are  significant  in 
that  they  tend  to  complement  those  of  the  previous 
investigation*. 


BOOMS  AND  BO*. 


HRSC-57 

AMucarae  letters  at  simulated  sons 

sane  aircraft  miss 

Jerome  S.  lakas  an#  Karl  D.  Kryter 
Physiological  Effect  *  of  Noise,  Edited  by  Bruce  L. 
Welch  and  Awwmaria  5,  Welch,  Plenum  Press,  New  Vcrk- 
Lcndon,  If TO,  pp,  283-293 

This  paper  is  essentially  the  ease  as  another 
paper  by  Lukas  and  Kryter  described  la  capsule 
summary  JSRSC-53.  The  reader  is  referred  to  that 
capsule  sumiary  for  details  of  this  work. 

HRSC-5S 

cm  THE  ASSESSMENT  OF  THE  ANNOYANCE  OF  A  SERIES  CT 
sane  BOOK  EXPOSURES 

Mute  hat,  K.,  Nailer,  £,  A.,  and  Oberaeier,  ?, 

Acustica,  Vol.  23.  1970,  pp.  49-50. 

This  short  note  deals  with  the  assessment  of  the 
annoyance  of  a  series  of  sonic  boom  exposures, 
occur  ing  during  a  certain  period  of  time.  The 
method  is  based  upon  the  loudness  calculation  for 
a  single  boom,  as  given  by  Johnson  and  Robinson 
(see  capsule  summary  hesc-50) . 

the  relation  proposed  fo.  the  arsessmer.t  of  the 
annoyance  of  a  aeries  of  noise  exposures,  based 
mptm  EPS  levels  (Effective  Perceived  Noise  Levels) 
of  the  single  noises  is 

T 
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5.  Subjective  fatigue  was  rated  as  being 
greater  on  experimental  than  control  nights. 

6.  Subject*  rated  the  quality  of  their  sleep  as 
worse  on  experimental  nights  than  control 
nights,  although  the  differences  m  rating 
were  small. 

7.  No  changes  in  personality  factors  or  anxiety 
were  evident  as  a  result  of  the  experiment. 

fl.  There  was  a  significant  trend  between  higher 
neuroticiam  scores  and  more  frequent  awaken¬ 
ings  in  resptT.se  to  simulated  booms. 

9.  Th*  group  ratings  of  the  quality  of  sleep 
were  found  to  be  independent  of  experimental 
conditions  (control  and  3  experimental 
nights) ,  but  individuals  who  isMm  to  a 
higher  percentage  of  booms  tended  to  rate 
the  quality  of  their  sleep  as  worse. 

lo.  It  is  tentatively  concluded  that  behaviorally 
and  subjectively,  sleep  inr«rfet#nce  due  to 
sonic  b ocm»  is  similar  tc  sleeping  in  an 
unfamiliar  «r.viroi»ent  and  strangs  bed. 

Two  previous  air  liar  investigation*  of  the  effects 
of  sonic  booms  on  sleep  were  conducted  by  Lukas  and 


where  E2B3.  -  Equivalent  perceived  Noise  Level 
EHJt  »  JKLl+6,  where  JMi  mean*  the 

Johnson-Robinson  Loudness  Level  for 
sonic  booms 
t0  »  10  seconds 

and  the  summation  is  over  all  wise  events  within 
the  ties  T, 

Bata  from  the  Oklahoma  City  tests  (see  capsule  sum¬ 
mary  HRSC-9)  and  the  Edwards  Air  Force  Base  sonic 
boom  experiments  (see  capsule  summary  HPSc-28)  are 
used  to  show  that  the  relation  gives  results  that 
agree  quite  well  with  experimental  findings. 

This  ms  the  first  attempt  to  quantitatively  de¬ 
scribe  tbs  cumulative  effect  on  annoyance  result¬ 
ing  from  a  series  of  sonic  booms. 

msc-59 

THE  AGE  OF  THE  SUPERSONIC  JET  TRANSPORT;  ITS  ENVIRON¬ 
MENTAL  AMD  LE3AL  IMPACT 
John  R.  Hontgossery 

Journal  of  Air  lav  and  Commerce,  Vol.  36,  1970, 
pp.  577-614 

This  paper  presents  t  discussion  of  the  environ¬ 
mental  and  iegal  impact  of  overlaid  commercial 
supersonic  flight,  A  very  general  discussion  of 
sonic  boor,  phenomena  is  given,  together  with  a 
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the  loudness  calculation  procedure  developed  by 
Zepier  and  Karol  {see  capsule  summary  HRSC-16)  is 
reviewed  briefly.  Also  touched  upon  is  the  review 
is  the  work  of  Pease  {see  capsule  summary  HRSC-35) , 
woodhead  (see  capsule  summary  hrsc-49,  Webb  and 
Warren  {se*  capsule  susnary  MRSC-1S} ,  and  several 
others. 

This  is  a  very  brief  review  and  the  aforementioned 
studies  are  not  discussed  in  any  depth. 

iLP.'*?-h4 

LEGAL  ASPECTS  Of  MILITARY  SONIC  BOOMS 

Silliae  I‘ .  McCormack 

Proceedings  of  the  Society  of  Automotive  Engineers, 

February  3,  1971,  pp.  205-21? 

The  purpose  of  this  paper  is  to  shew  some  of  the 
legal  developments  which  have  resulted  from 
military  supersonic  flight.  The  discussion 
include*:  ill  a  brief  description  of  tonic  boom 
phenomena:  421  administrative  remedies;  431  remedies 
under  the  Federal  Tort  Cl alas  Asti  441  liability 
for  nuisance:  45)  a  discussion  of  cases  involving 
the  Tucker  Act;  and  46)  remedies  in  state  courts. 

The  discussion  in  each  of  these  areas  is  suite 
extensive,  raking  this  an  excellent  paper. 

Hr  1C  —65 

EFFECTS  OF  AIRCRAFT  NOISE  OS  HOMAN  SLEEP 

S' ■  1 1  r  *  -  5  *  {SEAS 

Paper  Presented  at  American  Industrial  Hygiene  Con¬ 
ference,  Toronto,  Canada,  Say  24-23,  1971 

A  review  is  presented  in  this  paper  of  the  studies 
performed  by  the  Stanford  Research  Institute  con¬ 
cerning  the  effects  of  aircraft  noioe  and  tonic 
booms  on  sleep.  The  reader  is  referred  to  capsule 
Busrarit-s  HRSC-40  and  HRSC-53  for  a  description 
of  these  studies. 

After  reviewing  the  SRI  studies  the  following  con¬ 
clusions  are  made: 

1.  The  sleep  of  children  Sends  to  bo  uniformly 
unaffected  by  simulated  sonic  booms  or  sub¬ 
sonic  jet  aircraft  noise  ever  a  wide  range 
of  intensities. 

2.  Men  i«d  about  50  years,  on  the  average,  were 
awakened  by  about  18  percent  of  the  simulated 
sonic  beers  ranging  from  0.6S  to  5.0  psf  in 
intensity,  and  awakened  to  an  equal  extent 

by  subtonic  jet  flyover  noises  ranging  in 
intensity  from  101  to  119  MSB. 

J.  Cr.  the  average,  old  sen  of  Me  70  year*  of 
age  were  awakened  by  about  28  percent  of  the 
tonic  boons  of  0,65  to  5.0  p«f  intensity,  and 
to  an  apparently  slightly  greater  (about  4t), 
but  statistically  insignf leant,  degree  by 
subsonic  jot  flyover  noises  tanging  in 
intensity  free  101  to  119  PNds. 

4.  For  middle-aged  and  old  sen,  sonic  hones  of 
2.0  psf  are,  or.  the  average,  as  awakening  as 


lyevar  noises 


about  llu 


IMS.  An  Increase  or  decrease  of  about  6 
FSdB  of  the  jet  flyover  noises  has  the  soma 
effect  on  behavioral  awakening  as  m  doubling 
or  halving  of  the  sonic  boom  intensity. 


The  studies  m 
font  the  main 
the  effects  of 

gives  a  good,  I 
studies. 
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HRSC-66 

A  STUD?  OF  SENSITIVITY  TO  NOISE 
R.  W.  Becker,  F.  Para,  t.  D.  ixytn 
Federal  Aviation  Administration  Report  Hd- 
June  1971 


Efi-71-4, 


In  the  study  described  In  this  paper,  140  subjewt* 
were  exposed  to  simulated  tonic  booms  and  recorded 
residential  noises  in  on#,  two,  or  three  two-hour 
sessions  over  a  period  of  six  month®.  The  »or.i>; 
boo*  simulation  facility  used  here  Is  the  same  or*.- 
described  in  capsule  summary  HRSC-40.  The  o tuber  noises 
consisted  of  those  due  to  a ‘subsonic  jet,  a  vatu* 
cleaner, a  barking  dog,  a  motorcycle,  track  traffic, 
and  freeway  traffic.  The  subjects  were  usk.jd  to  rate 
how  annoying  they  found  each  of  the  noises. 

Elec  trophy  sict 1  eg  tea 1  measures  of  heart  rate  and 
eleehro^Nograpfcie  responses  to  the  stimuli  were 
analyzed.  Biographical,  demographies!,  and  per¬ 
sonality  inventories  for  each  of  the  subjects  were 
also  obtained. 


Tho  following  oomittfioam  wsr»  reached  »s  a  result 
of  this  investigation: 

1.  The  relative  ranking  of  the  perceived  annoy¬ 
ance  of  the  various  anises  remained  constant 
over  the  six-month  duration  of  the  experiment. 
A  2.5  psf  boas  was  distinctly  this  moat  annoy¬ 
ing  sound.  A  1.25  p*f  toon  was  rated  more 
annoying  than  ail  ©the r  noises  accept  the 
.•T-dBA  jet  flyover  ate  the  61  dpA  v  :tuus> 
cleaner.  A  0.63  psf  beae  was  rated  less 
annoying  than  ail  noises  except  for  the  67- 
dBA  truck  and  the  62-dBA  motorcycle  recording. 
{These  sonic  tooo  levels  are  what  would  be 
measured  outdoors.  The  subjects  actually 
heard  tte  beams  indoors.) 

2.  Personality-type  tests  do  not  appear  to  pro¬ 
vide  sufficient  additional  information  re¬ 
lated  to  sensitivity  to  noise  to  justify  ti,« 
time  required  for  their  completion. 

J.  Analysis  of  the  physiological  reactions  to 
the  noise  indicated  a  definite  heart  rate 
acceleration  in  response  to  the  simulated 
sonic  booms.  This  was  true  even  of  the  0,5,3 
psf  boots  which  was  not  luted  as  very  annoying. 

This  was  the  first  extensive  investigation  of  the 
relative  annoyance  oz  sonic  booms  and  cowmen 
residential  noises.  Many  previous  investigation* 
(sea  capsule  «wto»ry  HRSC-SJ,  for  example j  had 
dealt  with  the  relative  annoyance  of  sonic  booms 
and  subsonic  aircraft  noise,  but  none  of  these 
Included  any  otter  annoying  residential  sounds. 
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EFFECTS  Ok  HUSTLE  .ENFION  A4®  TRACKING  TASS 
FESirOKKAHCE  OF  SIMULATED  SONIC  BOOMS  WITH  Low  ALL 
HIGH  INTBfcilTt  VIBRATIONAL  COKPCHESTS 
Jerose  S,  Lukas,  Mary  E.  Dobbs,  arid  Dor— Id  i .  Reel 
NASA  CR-17S1,  June  1971 
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Tho  purpose  of  the  experiment  4-*  set  lied  in  thl* 
report  was  to  determine  the  rt,i.vs  ;ee  contribution 
of  the  vibrational  component  5c.n4r.1t sa  in  a  reoa 
free!  simulated  sonic  boons  on  the  slpstrcmyc- 
graphic  and  performance  response  %  of  human 
subjects,  tn  order  to  accompli'*5-  tl  i-i,  four 
subjects  were  assigned  randomly  i-  ouch  of  the 
following  groups*  Cl)  paced  treru-.g  L  isk,  with 
beass  and  with  relatively  low  ititen  ity  vibration 
(subject's  chair  and  tracing  table  t. .  a  vibration- 
isolation  platform)  1  <2)  paced  traciic  Cask,  with 
tacos  and  with  relatively  high  inta*.  sit j  vibration 
(subject's  chair  a-  tracing  table  «  floor)* 

(3)  reading  of  light  material  with  beans,  and  with 
lew  intensity  vibration*  and  (4)  pacoi  tracing 
task  only- 

The  sonic  boom  simulator  described  in  an  earlier 
paper  (see  capsule  sunaary  HPSC-49)  vat  used 
again  in  the  present  investigation  to  generate 
simulated  sonic  boons  having  durations  of  about 
300  b»,  intensities  of  about  2.S  psf,  and 
effective  rise  ti&s*  of  about  10  ns,  as  measured 
outdoors. 

The  subjects  were  16  tool  and  die  makers  and 
machinists  between  40  and  62  years  of  age,  with 
a  swan  age  of  50  years.  The  tracing  task  performed 
in  this  experiment  was  the  same  as  that  described 
in  capsule  suroary  HRSC-51,  which  consisted  of 
moving  a  stylus  around  a  rectangular  track  at 
a  p4e«  determined  by  lights  on  the  board. 

Three  response  measures  were  obtained:  (1)  Time- 
on -Track  (tot) ;  (2)  Electromyographic  Activity 
Level  'EH3) ,  which  was  obtained  from  the  trapezius 
muscle  {located  is  the  shoulder)  contralateral 
ts  the  arm  being  used  in  the  tracing  task,  and 
{3)  errors  were  calculated  as  the  number  of  times 
the  subject  was  off  the  assigned  track. 

The  following  conclusion  was  reached  as  a  result 
of  this  experiment;  Among  machinists  and  tool 
and  die  makers,  who  normally  work  in  noisy 
e.-.v'ronsents,  the  periodic  occurrence  of  the 
noise  and  vibration  associated  with  simulated 
some  lx-.cn.* ,  of  an  outdoor  Intensity  of  2.5  psf, 
had  no  statistically  significant  effect  on 
performance  cf  3  tracing  task  recuirn.g  a  fair 
degree  of  perceptual -motor  coordination,  or  on 
skeletal  muscle  tension. 

The  significance  of  this  investigation  is  that 
it  demonstrated  that  the  performance  impairment 
found  in  -a  previous  investigation  (me  capsule 
summary  ISSC-51)  due  to  sonic  been  exposure  was 
not  due  sinpiy  to  the  effects  of  the  room  vibra¬ 
tions  or,  the  subjects  but  was  due  rather  to  tr.<- 
startle  effect. 
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DISTURBANCE  OF  KUHAfl  SLEEP  BV  SUBSONIC  JET  AJFCEAFT 

BOISE  AND  SIMULATED  COMIC  ECCM3 

Jercwe  S.  Lukas,  Hory  E.  Dobbs,  and  Karl  D.  Sryte- 

RASA  CR-1780.  July  5971 

The  same  sonic  boas  simulation  facility  described 
in  capsule  susssary  MR6C-40  was  uc»d  in  the  present 
experiment  to  investigate  the  disturbance  of 
kuMii  sleep  by  subsonic  jet  aircraft  noise  and 
•iBuiated  manic  booms.  Tws  previous  experimental 
studies  of  the  effect#  of  boer.s  and  subsonic  jet 
aircraft  corns  on  sleep  were  conducted  with  th# 


•  id  of  this  simulator.  In  th*  first  (see  capsule 
summery  KKSC-40! ,  a  pilot  study,  six  college 
students  were  subjects*  in  the  second  (see  capsule 
xmmary  SSSC-S3) ,  six  subjects  ranging  in  age 
from  7  to  22  years  were  tested. 

The  results  of  the  second  study  were  considered 
tentative  because  only  two  subjects  were  in  each 
of  three  age  groups  (yoasg— about  7  years  of  age, 
middle-age— about  51  years,  and  old— about  71  years 
of  age).  Consequently,  the  study  reported  in  the 
present  pacer  used  four  additional  subject#  is 
each  of  the  three  age  groups  in  order  to  explore 
further  the  effects  of  sortie  booms  and  subsonic 
aircraft  noise  on  sleep  in  persons  of  different 
ages. 

The  subjects  were  exposed  for  20  sights  to 
simulated  sonic  booms  and  subsonic  jet  flyover 
noises.  Four  intensities  of  each  stimulus  were 
usually  presented  twice  each  sight. 

The  following  conclusions  were  reached  *s  a  result 
of  this  study: 

1.  The  sleep  of  children  {5  to  8  years  of  age) 
tends  to  be  essentially  unaffected  by 
either  simulated  sonic  booms  or  subsonic 
jet  flyover  noise  over  a  wide  range  of 
intensities  (free  0,63  to  5.0  psf  for  sonic 
booms,  as  measured  outdoors,  and  101  to 
119  PridB  for  flyover  noise,  as  measured 
outdoors) . 

2.  Or.  the  average,  middle-aged  sen,  about 
50  years  of  age,  in  a  “typical*  house  arc 
awakened  by  about  18  percent  of  the  simu¬ 
lated  sonic  boos*  ranging  in  intensity  tram 
6.63  to  5.0  psf,  and  to  an  «^»1  extent  by 
subsonic  jet  flyover  noises  ranging  in 
intensity  from  101  to  Us  Stub. 

3.  On  the  average,  old  sen,  about  ?2  years  of 
ago,  in  a  "typical”  house  are  awskeseS  by 
about  32  percent  of  booms  ranging  from  0,63 
to  5,0  psf  in  intensity,  and  to  about  the 
saee  extent  by  subsonic  jet  flyover  noises 
of  iGl  to  lit  t ms. 

4.  Within  both  the  middle-aged  and  the  old 
groups  there  appear  to  be  at  least  two 
identifiable  subgroups  of  dlffsreet 
sensitivity  to  noise  during  sleep.  For 
the  slddle-aeed  group  th*  so-called  high 
sensitivity  subgroup  is  about  ten  times 
sore  likely  to  be  awakened  by  siwlated 
booms  or  flyover  noins  than,  is  th*  subgroup 
of  low  sensitivity,  in  contrast,  th*  old 
subgroup  of  high  sensitivity  is  only  about 
twice  as  likely  to  be  awakened  by  the 
ctircii  as  is  the  aid  subgroup  of  low 
sensitivity. 

5.  On  the  average,  for  middle-aged  and  old 
groups,  sonic  boons  of  2,0  psf  arm  as 
awakening  as  subsume  jet  flyover  mini 
of  about  110  fTMB  (both  scuoas  a*  if 
seasurod  outd^iii.  It  is  pointed  out  km/ 
the  authors  that  these  data  are  in  wjr*#- 
sont  with  those  Of  Kry ter,  «rt  al.  (eee 
capsule  r.;a-r-’ r"  Khsc-28)  ar«  Sroedbent 
and  Roblnmon  <eee  capvule  summary  mgc-mi 
with  respect  to  the  awake  wblest,  and 


to  those  reported  earlier  for  the  sleeping 
human  (see  capsule  summary  HRSC-53) .  In 
addition,  for  any  increase  or  decrease  of 
about  6  FNdB  in  flyover  noise  the  change 
in  rate  of  awakening  is  approximately  the 
same  as  doubling  or  halving  the  intensity 
of  the  sonic  boom. 

This  investigation  did  not  result  in  any  significant 
conclusions  that  had  not  already  been  reached  in 
the  earlier  investigations.  However,  it  did 
serve  to  substantiate  the  previous  findings. 
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IS  CIVIL  SUPERSONIC  AVIATION  JUSTIFIED? 

Bo  Lundberg 

Paper  Presented  to  the  Committee  on  Social  and  Health 

Questions  of  the  Council  of  Europe  at  its  Heeting  in 

Stockholm  on  July  6,  1971,  N71-33438-441 

This  paper  presents  a  review  of  the  pros  and  cons 
of  comnercial  supersonic  aviation.  Only  the 
portion  of  the  report  dealing  with  the  sonic 
boom  problem  will  be  nintaarized  here. 

The  sonic  boom  discussion  begins  with  a  brief 
review  of  sonic  boom  phenomena.  The  various 
characteristics  of  sonic  boom  pressure  signatures 
are  defined  and  magnifications  due  to  atmos¬ 
pheric  effects  and  aircraft  maneuvers  are 
discussed.  It  is  then  stated  that  it  is  the 
opinion  of  the  author  that  most  of  the  extensive 
tests  that  were  conducted  during  the  60' s  to 
determine  the  effects  of  sonic  booms  on  structures 
were  an  unnecessary  waste.  The  reasoning  is  that 
the  most  critical  sonic  boom  acceptability 
criterion  is  the  "light  sleeper"  criterion, 
which  sets  the  acceptable  boom  level  as  the 
highest  overpressure  which  does  not  awaken  a 
light  sleeper.  Since  this  overpressure • level 
is  much  lower  than  the  level  at  which  structural 
damage  results,  the  establishment  : f  this 
acceptability  level  should  have  taken  precedence 
over  the  structural  response  testing. 

It  is  then  emphasized  that  extensive  flight 
test  investigations  concerning  the  effects  of 
sonic  booms  on  all  types  of  boats,  ships,  and 
maritime  wildlife  must  be  conducted  before 
commercial  supersonic  flights  over  sea  are 
allowed. 

This  paper  is  very  similar  to  an  earlier 
paper  by  Lundberg  (see  capsule  summary 
HRSC-42) . 

HRSC-70  . 

THE  LOUDNESS  OF  SONIC  BOOMS  HEARD  OUTDOORS  AS 

SIMPLE  FUNCTIONS  OF  OVERPRESSURE  AND  RISE  TIME 

D.  N.  May 

Journal  of  Sound  6  Vibration,  Vol.  18,  No.  1, 

September  8,  1971,  pp.  31-43 

In  this  paper  semi-empirical  formulae  are  presented 
which  can  be  used  to  calculate  the  loudness  of 
sonic  booms  heard  outdoors  as  functions  of  their 
peak  overpressures  and  rise  times  only.  These 
formulae  were  based  upon  the  more  complex  loud¬ 
ness  calculations  of  Zepler  and  Harel  (sae 
capsule  summaries  HRSC-16  and  HRSC-jS)  and 
Johnson  and  Robinson  (see  capsule  susmaries 
HRSC-30  and  HRSC-50) ■  Five  different  relations 
between  loudness,  L,  maximum  overpressure, 

AP,  and  rise  time,  At  (defined  as  time  from 


wave  onset  to  point  of  maximum  pressure)  are 
given.  The  following  relation  is  the  most 
simple,  yet  it  gives  results  nearly  as  good  as 
the  other  fours 

L  «*  {ISP)  -12 

where  L  is  in  phons  and  At  is  in  msec. 

An  experimental  assessment  of  the  five  relations 
was  made  using  34  sonic  booms  caused  by  flights  of 
F-104G  Starfighter  aircraft  over  Meppen,  West 
Germany  and  up  to  14  subjects.  The  flight  path 
of  these  aircraft  lay  directly  over  the  subjects. 
The  scheduling  of  the  booms  was  not  known  in 
advance  of  the  experiment,  nor  was  the  availability 
of  the  subjects.  Consequently  a  "psychophysical" 
procedure  was  used  in  which  subjects  could  partic¬ 
ipate,  without  disruption  to  their  normal  duties 
and  without  the  use  of  comparison  sounds,  by 
filling  in  a  short  questionnaire  as  and  when  they 
heard  a  boom.  The  subjects  were  instructed  to 
assess  the  loudness  of  the  bangs  by  comparing 
them  to  the  sound  of  a  fairly  near  clap  of 
thunder,  which  was  assigned  a  value  of  10. 

The  results  of  this  experiment  showed  that  the 
semi-empirical  _  .'lations  correlated  with  judged 
loudness  at  le  as  well  as  did  the  more  c  >mplex 
ones.  It  is  concluded  that  the  semi-empirical 
formulae,  by  virtue  of  their  simplicity,  are  of 
much  more  use  in  loudness  calculations  than  the 
more  complicated  formulae. 

The  formula  given  for  calculating  the  loudness 
of  sonic  boons  is  very  simple  to  use  in  contrast 
to  previous  methods.  This  makes  possible  rapid 
determination  of  the  relative  merits  of  two 
different  sonic  boom  pressure  signatures.  However, 
further  experimental  verification  is  necessary 
to  define  the  accuracy  and  limits  of  the  formula. 
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EFFECTS  OF  SIMULATED  SONIC  BOOMS  ON  TRACKING 

PERFORMANCE  AND  AUTONOMIC  RESPONSE 

Richard  t.  Thackray,  R.  Mark  Touchstone,  and  Kar  *r, 

N.  Jones 

Aerospace  Medicine,  Vol.  43,  No.  1,  January  1972, 

pp.  13-21 

The  study  discussed  in  this  paper  was  conducted 
in  order  to  provide  further  information  on  the 
effects  of  sonic  booms  on  psychomotor  perform¬ 
ance  and  autonomic  activity,  including  recovery 
patterns  following  stimulation  and  the  effects 
of  boom  repetition.  Stimuli  were  produced  by 
an  indoor  sonic  boom  simulator  with  overpressure 
levels  of  1.0,  2.0,  and  4.0  psf  (as  measured 
"outdoors")  and  durations  of  295  millisoco/*.*. 
Because  of  design  characteristics  of  the  simu¬ 
lator,  rise  times  of  the  simulated  sonic  boom'.. 
increased  in  a  manner  which  was  almost  propor¬ 
tional  to  increases  in  overpressure.  Thus,  rice 
times  of  the  simulated  booms  employed  ranged 
from  approximately  7  msecs  for  a  1  psf  boom  to 
21  msecs  for  a  4  psf  boom. 

The  simulator  was  an  indoor  sonic  boom  simulator 
design’d  by  Stanford  Research  Institute  and 
similar  tt>  one  used  by  Lukas  and  Kryter  (soo 
capsule  summary  HRSC-40) .  The  test  room  was 
13-1/2  x  17  x  8  feet,  one  wall  of  which  formed 
one  of  th<  sides  of  a  hermetically  sealed  pressure 
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clumber.  Booms  were  produced  by  a  motor - 
actuated  piston  which  generated  an  N-wave  of 
pressure  in  the  chamber.  Overpressure  was 
changed  by  varying  piston  travel  and  duration 
by  changing  motor  speed.  There  were  two  windows 
in  the  test  chamber,  one  of  which  was  used  for 
one-way  observation. 

The  subjects  were  forty  paid  male  college  students 
between  the  ages  of  18  and  25.  They  were  assigned 
to  one  of  three  experimental  groups  or  the  control 
group  on  a  simple  rotational  basis. 

The  tracking  task  was  to  attempt  to  keep  a 
randomly  moving  spot  at  the  center  of  an  oscillo¬ 
scope  by  means  of  a  small  control  stick  located 
at  the  right  hand  of  the  subject.  The  effects  of 
the  booms  on  both  autonomic  activity  and  perform¬ 
ance  were  evaluated  in  terms  of  change  from  pre¬ 
stimulus  levels. 

The  results  showed  no  evidence-  of  performance 
impairment  for  any  of  the  overpressure  levels. 
Rather,  performance  improved  significantly 
following  boom  stimulation  along  with  heart- 
rate  deceleration  and  skin  conductance  increase. 

It  is  concluded  that  the  obtained  pattern  suggests 
that  the  simulated  booms  may  have  elicited 
more  of  an  orienting  or  alerting  response  than 
a  startle  reflex.  It  is  pointed  out,  'iowever , 
that  since  faster  rise  times  of  the  simulated 
booms  might  have  increased  loudness  sufficiently 
to  change  these  results  considerably,  care 
should  be  taken  tc  avoid  drawing  unwarranted 
conclusions,  relative  to  general  sonic  boom 
effects,  on  the  basis  of  these  findings  alone. 

A  previous  investigation  by  Lukas,  Peeler,  and 
Kryter  (see  capsule  summary  HRSC-51)  showed 
that  exposure  to  sonic  booms  did  result' in 
impaired  performance  of  a  paced  tracking  task. 

It  was  also  found  by  Wood head  (see  capsule 
suwnary  HRSC-49)  that  performance  of  a  visual 
task  was  impaired  by  exposure  to  booms  of  2.5 
psf.  The  contrast  between  these  results  and 
those  of  the  present  investigation  may  be  due 
merely  to  the  difference  in  the  task  being  per¬ 
formed  in  each  case. 

HRSC-72 

HOMAN  RESPONSE  TO  SONIC  BOOM  IN  THE  LABORATORY  AND 
THE  COMMUNITY 

H.  E.  von  Gierke  and  C.  W.  Nixon 

Sonic  Boom  Symposium,  The  Journal  of  the  Acoustical 
Society  of  America,  Vol.  51,  No.  2  (Part  3), 

February  1972,  pp.  766-782 

This  paper  is  exactly  the  same  as  the  one 
discussed  in  capsule  summary  HRSC-48.  The  reader 
is  referred  to  that  capsule  summary  for  detail* 
of  this  work. 

HSSC-73 

EXPERIMENTS  ON  THE  EFFECT  OF  SONIC-BOOM  EXPOSURE  ON 
HUMANS 

Ragnar  Ry lander,  Stefan  Sorensen,  Kenneth  Berglund, 
and  Carina  Brodin 

Sonic  Boom  Symposium,  The  Journal  of  the  Acoustical 
Society  of  America,  Vol.  51,  No.  2  (Part  3), 

February  1972,  pp.  790-798 

In  the  experiments  described  in  this  paper  the 
effects  of  sonic-boom  exposure  on  the  reactions 
of  huwms  were  studied  in  a  field  exposure 


experiment.  In  addition  to  the  experiments  on 
humans,  studies  were  also  performed  on  the  response 
of  reindeer,  but  for  a  discussion  of  these  studies 
the  reader  is  referred  to  capsule  suemary  AR-13. 

Forty-two  sonic  booms  with  levels  varying  from 
about  0.2  to  10,5  psf  were  generated  by  Swedish 
military  aircraft  flying  over  a  research  camp  in 
northern  Sweden.  The  exposure  effects  were 
evaluated  using  a  performance  and  a  tracking 
test  at  bcom  pressures  up  to  1.2  psf. 

In  the  performance  test,  subjects  watched  a  film 
where  equality  in  a  number  of  symbols  between 
stationary  and  moving  cards  on  a  film  screen  was 
to  be  indicated.  In  the  tracking  test  a  pointer 
connected  to  a  steering  wheel  was  to  be  kept  on 
an  irregularly  moving  tape  on  a  rotating  belt. 

The  subjective  reactions  of- teat  persons  and 
military  recruits  under  the  sonic-boom  carp-t 
were  studied  by  means  of  a  questionnaire. 

The  following  results  were  obtained  as  a  result 
of  these  experiments: 

1.  In  the  performance  test,  the  sonic  boom 
exposure  caused  a  significant  interruption 
in  answer  reporting  during  the  5  to  14 
seconds  immediately  after  exposure. 

2.  In  the  tracking  test,  the  duration  of 
deviations  from  the  tape  was  found  to 
increase  ismediately  after  boom  exjvsure. 

3.  An  overpressure-response  relationship  was 
found  for  the  exposure  effect  on  the  per¬ 
formance  tost,  but  was  not  demonstrated 
on  the  tracking  test.  The  relationship 
for  the  performance  test  showed  a  general 
increase  in  the  percentage  of  persons 
annoyed  by  the  booms  as  overpressure 
increased. 

4.  There  was  a  lower  proportion  of  annoyed 
and  very  annoyed  reported  by  the  test 
subjects  as  compared  with  the  soldiers. 

This  was  felt  to  be  due  to  the  very 
positive  attitudes  of  the  test  subjects 
towards  the  experiment  as  a  whole,  as 
revealed  by  the  questionnaires. 

A  different  type  of  tracking  tack  was  used  by 
Lukas,  Feeler,  and  Kryter  (see  capsule  summary 
HRSC-51)  to  test  the  effect  of  laboratory  sonic 
booms.  In  that  experiment  it  was  found  that 
exposure  to  outdoor  boom  pressures  of  sbout  2,5 
psf  caused  an  increase  in  skeletal  muscle  tension 
and  a  decrease  in  the  accuracy  of  tracking.  In 
the  present  results,  significant  decreases  in  the 
tracking  index  were  sometimes  found  at  indoor 
boom  pressures  of  about  0.2  psf, 

Woodhead  (see  capsule  nummary  HRSC-49)  used  tkw 
same  performance  test  used  here  and  found  the 
same  pattern  of  response.  That  study  showed  that 
outdoor  boom  pressures  of  2.53  psf  resulted  in  a 
significant  decrease  in  the  nusfcer  of  correct 
answers  during  a  30  second  period  after  the 
exposure.  The  indoor  pressure  was  not  reported. 
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SONIC  BOOM  EXPOSURE  EFFECTS  1.3:  GENERAL 
CONSIDERATIONS  ON  SONIC  BOOM  RESEARCH 
Jacques  Balazard 

Journal  of  Sound  And  Vibration,  Vol.  20,  February 
22,  1973,  pp.  499-503 

•  This  paper  discusses  a  proposed  research  scheme 
to  investigate  the  effects  of  sonic  booms  on 
humans,  animals,  structures,  and  other  objects. 

The  basic  research  scheme  is  divided  into  three 
separate  aspects:  (1)  effect  of  a  few  booms  on  a 
few  objects;  (2)  effect  of  a  multitude  of  bcoms 
on  a  few  objects;  and  (3)  the  effect  of  a  multi¬ 
tude  of  booms  on  a  multitude  of  objects.  The 
types  of  sonic  boom  generators  or  simulators 
and  the  type  of  equipment,  c-c.  necessary  to 
carry  out  each  of  the  three  investigations  is 
discussed  briefly. 

HR  SC-7 5 

SONIC  BOOM  EXPOSURE  EFFECTS  I I. 4:  ANNOYANCE 

REACTIONS 

P.  N.  Borsky 

Journal  of  Sound  and  Vibration,  Vol.  20,  February 
22,  1972,  pp.  527-S30 

This  paper  presents  a  summary  of  the  results  of 
the  significant  field  experiments  that  have  been 
conducted  to  investigate  the  annoyance  response 
of  communities  to  sonic  booms.  Included  in  the 
revie.  are  the  St,  Louis,  Oklahoma  City,  and 
Edvards  Air  Force  Base  studies  (see  capsule 
stannaries  HRSC-15,  HRSC-14  and  HRSC-28,  respec¬ 
tively)  conducted  in  the  United  States,  and  the 
unpublished  (at  the  time  this  paper  was  written) 
resales  of  studies  conducted  in  France,  Great 
Brit&i  .  and  Sweden. 

In  the  French  study,  which  had  not  been  com¬ 
pleted  at  the  time  this  paper  was  written,  3900 
people  were  interviewed  concerning  their  response 
to  over  100  supersonic  overflights,  including  30 
Concorde  flights,  in  the  British  study  3000 
people  were  interviewed  concerning  their  response 
to  Concorde  test  flights.  The  Swedish  study 
involved  the  exposure  of  200  soldiers  to  42  sonic 
booms. 

The  following  are  some  of  the  conclusions  reached 
as  a  result  of  this  review: 

1.  Both  Flench  and  American  experience  indicate* 
that  'vost  people  can  consistently  recognize 

,  seni-  boomo  after  a  brief  learning  period. 

2.  Vibration  end  rafting  of  homes  and  fur¬ 
nishings  arc  the  most  frequently  reported 
causes  of  annoyance. 

3.  Information  on  interference  with  sleep  is 
quite  limited,  but  it  is  believed  to  be 

an  important  effect  which  usually  produces 
intense  annoyance. 

4.  Interference  with  communication  was  reported 
by  relatively  few  people  in  the  French  and 
American  studies. 

5.  Belief  has  also  been  widespread  that  sonic 
booms  cause  property  damage.  This  probably 
contributes  to  annoyance  reactions.  About 
45%  of  the  Oklahomans  believed  booms  caused 


such  damage,  and  6S%  of  the  British  and  60% 
of  the  French  respondents  had  similar 
beliefs. 

6.  Although  different  measures  of  annoyance 
were  used  in  the  various  studies,  making 
precise  comparison  difficult,  It  was 
found  that  about  half  of  all  persons 
exposed  to  booms  report  more  than  a  little 
annoyance.  In  the  Oklahoma  City  Study, 

56%  of  the  respondents  reported  scriour. 
annoyance  after  6  months  exposure  to  sonic 
booms.  In  the  French,  study,  slightly 
less  than  50%  reported  similar  annoyance 
responses.  In  Sweden,  50  to  60t  of  the 
respondents  reported  annoyance.  In  the 
British  study,  about  one-third  of  those 
who  heard  the  booms  reported  annovance. 

7.  Very  few  definitive  findings  can  be  stated 
about  the  relationships  th.,t  annoyance  lias 
to  the  number  of  exposure  over  time,  the 
adaptation  process,  or  the  sonic  Sroom 
overpressures. 

8.  No  evidence  was  found  that  annoyance  t-> 
sonic  booms  decreases  ever  a  pa-  iod  of  time. 

This  is  a  good  brief  review  of  the  results  of 
of  cermunity  response  studies  th»t  have  beer, 
conducted  ir.  Europe  and  the  uniti/J  States. 

HRSC-76 

SONIC  B0u:  EXPOSURE  EFFECTS  I I. 2:  SLEEP  EFFECTS 

C.  G.  Rice 

Journal  of  Sound  and  Vibration,  Vol.  JO,  February 

22,  1-372,  pp.  511-517 

This  report  presents  a  brief,  general  review 
of  the  quantitative  data  which  express  sleep 
interference  in  terms  of  certain  aspects  of 
sleep  patterns  (sleep  stage  and  accumulated 
sleep  time),  individual  differences  (ag'  ,  sex, 
temperament,  responsiveness) ,  and  stimu  us 
variables  (type  of  sound  and  intensity) .  The 
effects  of  sue.;  -interference  on  health,  perform¬ 
ance,  and  attitudes  are  also  briefly  commented 
upon.  The  relationship  between  the  findings  of 
laboratory  studies  and  the  tea  1-1 lie  situation 
is  discussed.  Also,  some  suggestions  are  given 
for  standardization  of  some  of  the  experimental 
approaches  used  in  different  laboratories. 

The  following  are  some  of  the  main  points  brought 
out  in  this  review: 

1.  Awakening  in  response  to  a  stimulus  appears 
more  likely  to  occur  as  steep  time  is 
accumulated,  regardless  of  sleep  stages. 

2.  Older  people  are  more  easily  awakened  by 
sonic  booms  and  ordinary  noise. 

3.  The  evidence  of  both  field  and  laboratory 
studies  on  sonic  boom  and  aircraft  noise 
suggests  That,  women  are  more  easily 
awakened  than  men. 

4.  Experimental  data  suggest  that  adaptation 
to  the  laboratory  environment  is  still 
taking  place  after  several  consecutive 
nights  of  sonic  boom  exposure.  This 
indicates  that  sleep  experiments  should  be 
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conducted  over  period*  of  at  least  two  to 
three  week*. 

5.  Existing  information  indicates  that  the 
attitudinal  and  behavioral  reaction  of  a 
community  to  noise  can  be  predicted  with 
reasonable  accuracy  only  by  combining  the 
'  annoyance  due  to  the  noise  in  question'  with 
the  total  human  reactions  to  other  noises 
in  the  environment.  There  is  no  reason 
to  assume  that  the  sonic  boom  should  be 
treated  any  differently. 

This  is  a  good,  brief  general  reviaw  of  the 
state  of  knowledge  as  of  1971  concerning  the 
effects  of  sonic  booms  on  sleep.  A  similar, 
but  store  quantitative  and  extensive  review  of 
the  state  of  knowledge  as  of  1970  was  given  by 
Morgan  (see  capsule  sweaty  hrsc-55). 


HRSC-77 

SONIC  BOOM  EXPOSURE  EFFECTS  II. 3*  STARTLE  RESPONSES 
R.  I.  Thackray 

Journal  of  Sound  and  Vibration,  Vcl.  20,  February 
22,  1972,  pp.  519-526 

A  brief  review  of  the  startle  effects  of  sonic 
booms  on  people  is  given  in  this  paper.  It  is 
stressed  *hat  it  is  particularly  important  to 
distinguish  between  the  "startle*  resulting  from 
sonic  boom*  and  a  surprise  or  orianting  response, 
since  the  effects  on  performance  of  these  types 
of  responses  could  be  quite  different.  The 
startle  reflex  is  stated  to  be  primarily  a 
muscular  response  where  the  complete  reaction 
consists  of  a  series  of  involuntary  contractions 
beginning  at  the  head  with  the  eye  blink  and 
rapidly  progressing  to  the  lags.  The  most 
characteristic  feature  of  the  orianting  response 
is  a  turning  of  the  body  or  head  towards  the 
source  of  the  stimulus,  to  facilitate  sensory 
intake.  The  involuntary  muscular  response  of 
the  startle  reflex,  being  basically  disruptive, 
tends  to  impair  ongoing  performance,  while  the 
orienting  response  serves  to  alert  the  organ* — : . 

The  following  are  soate  of  the  main  points  brought 
out  in  the  review  of  the  'startle*  and  "orienting* 
response  of  people  to  sonic  bocsw  and  other 
impulsive  noises t 

1.  There  is  alisost  complete  agreement  among 
studies  employing  short  bursts  of  high- 
intensity  stimuli,  that  performance 
immediately  following  such  stimuli  is 

»  temporarily  impaired.  Tasks  involving 
complex  perceptual  and/or  cognitive 
processes  may  be  impaired  for  longer 
periods  than  tasks  requiring  precise  arm- 
hand  coordination.  Although  the  major 
impairment  is  at  a  maximum  immediately 
following  stimulation,  significant  impair¬ 
ment  my  persist  for  up  to  30  seconds. 

2.  studies  employing  real  or  simulated  sonic 
booms  have  found  results  which  range  from 
performance  impairment,  to  generally  non¬ 
significant  effects,  to  performance 
improvement.  Thus,  it  is  not  possible 

to  draw  any  general  conclusions  concerning 
the  effects  of  real  or  simulated  sonic 
booms  on  performance.  All  that  can  be 
said  is  that  impulsive  acoustic  stimuli 
less  than  soma  "threshold  value*  my  either 


have  no  effect  on  performance  or  increase 
it  (possibly  accompanied  by  orienting 
reactions)  while  levels  of  impulsive 
acoustic  stimulation  greater  than  the 
'threshold  value*  may  temporarily  impair 
performance,  possibly  aa  a  result  of  startle 
reflexes. 

3.  Although  objective  indices  of  startle  are 
preferable  in  the  present  state  of  Knowl¬ 
edge,  subjective  indices  could  be  useful 
if  it  ie  demonstrated  that  they  correlate 
with  the  objective  ones. 

4.  All  evidence  indicates  that  the  startle 
reflex  does  not  completely  habituate  with 
repeated  presentation  of  the  stimulus. 

5.  It  is  reasonably  well  established  that 
both  the  physiological  and  behavioral 
aspects  of  the  orienting  response  will 
habituate  completely  with  repeated 
stimulation— possibly  after  10-30  repeti¬ 
tions.  However,  even  a  minor  change  in 
the  characteristics  of  the  stimulus 

•  my  result  in  a  partial  on  complete 
reappearance  of  the  response. 

6.  Earlier  studies  agree,  essentially,  that 
subjects  with  the  greatest  skill  levels 
prior  to  presentation  of  the  stianlus 
display  the  least  impairment. 

This  is  a  good,  general,  non-quantitalive 
summary  of  the  state  of  knowledge  as  of  1971 
concerning  the  startle  effects  of  sonic  boons. 

KRSC-78 

RESIDUAL  PERFORMANCE  EFTBCTS  OF  SIMULATE'  SONIC 
BOOMS  INTRODUCED  DURING  SLEEP 
N.  Dean  Chiles  and  Georgette  Nest 
Federal  Aviation  Administration,  Report  Ms.  FAA- 
AM-72-19,  May  1972 

This  paper  discusses  the  results  of  ar,  investi¬ 
gation  conducted  7s  determine  the  residual 
par  for. -va net  of  si*Ml.-tu3  sonic  booms 

introduced  during  sleep.  This  study  yas  part 
ot  .»  larger  vtudy  which  included  the  invoeti  * 
gation  described  i.»  capsule  swmery  KRTi'-RO. 

There  were  eight  paid  subjects  in  each  of  the 
following  three  age  group*:  young  adults  (21 
to  26  years  old),  atiddl-a-aged  (40  to  45  years 
old),  and  elderly  (60  to  72  years  old).  Two 
subjects  at  a  time  sgmat  21  consecutive  nights 
in  a  sleeping  roc*  equipped  for  sonic  boom 
simulation  and  eicctrophysxological  monitoring. 
Both  subjects  in  each  pair  were  from  the  same 
age  group. 

For  the  first  five  nights  the  subjects  were 
permitted  to  adept  to  the  sleeping  quarter,  and 
no  boom*  were  presented.  On  nights  6  through  17, 
the  subjects  were  exposed  to  hourly  sonic  booms 
starting  et  2300  hours  and  continuing  until 
0600  hours  the  following  morning.  Each  boom 
had  an  intensity  of  .1  psf  measured  inside 
thi  sleeping  room  and  1  psf  measured  in  the 
pressure  chamber  adjacent  to  the  sleeping  room. 
The  rise  time  of  the  boca,  a*  recorded  in  the 
sleeping  quarters  was  12  msec,  and  it  had  a 
duration  of  approximately  2fi0  msecs.  The  last 
four  nights  of  the  sequence  were  designated 
recovery  sessions. 
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Each  morning  and  each  evening  the  subject* 
coopleted  'The  Multiple  Task  Perfbnrence 
Battery."  The  apparatus  presented  two  passive 
and  two  active  tasks.  The  passive  tasks  consisted 
of  monitoring  warning  lights  anti  probability 
taetera:  the  active  tasks  consisted  of  sent  a  l 
arithmetic  and  pattern  discrimination. 

The  results  provided  no  evidence  that  exposure 
to  simulated  sonic  booms  during  sleep  produced 
measurable  consequences  with  respect  to  complex 
performance. 

This  is  a  significant  investigation  since  it  is 
the  only  one  that  has  ever  been  conducted  on  this 
topic. 

HR3C-79 

THE  SONIC  BOOM -WEIGHING  ITS  IMPLICATIONS  FOR  POLICY 

CONSIDERATIONS 

P.  L.  f.ggletor. 

Canadian  Aeronautics  and  Space  Journal,  May  1972, 
pp.  117-12,2 

This  paper  presents  a  very  general  discussion  of 
the  various  sonic  boom  factors  which  may  be  of 
concern  to  a  particular  country  and  explores 
possible  policy  alternatives  based  on  them.  Three 
policy  alternatives  are  suggested  that  a  country 
could  invoke,  (1)  the  complete  barring  of  over¬ 
land  supersonic  flight:  (2)  the  adoption  of  the 
concept  to  permit  overland  supersonic  flight 
along  segmet.es  of  strictly-controlled  corridors; 
and  (3}  no  restrictions  on  overland  supersonic 
flight.  A  discussion  of  the  implications  of 
supersonic  overland  flight  is  then  given. 

HRSC-80 

SONIC  BOOMS  AND  SLEEP;  AFFECT  CHANGE  AS  A  FUNCTION 
CF  AGE 

Hager  C.  Smith  and  Gary  i..  Hutto 

Federal  Aviation  Administration,  Report  No.  FAA  - 

AM-72-24,  June  1972 

This,  story  concerned  the  measurement  of  mood 
changes  resulting  from  simulated  sonic  booms 
occurring  during  s’vep.  The  Composite  Mood 
Adjective  Checklist  (CMACL) ,  a  measure  of  mood 
«tatt?,  «*  employed  as  the  index  of  such  distress. 
It  is  an  fO-ite*  inventory  which  provides  an 
ove-ai'.  index  o£  .iegtee  of  yesitive  affect,  as 
well  at.  scores  for  15  individual  .mood  factors 
fiUfh  a*  at.rl.ity,  a.;r  easier,  friendliness,  and  so 
on.  ’I  -ss  the  purt'ose  cf  this  study  to  determine 
to  -,nat  ctfiCL  stores  art,-  influenced  by 

expeiure  tt  si.wlateo  aortic  booms  during  sleep, 
ynd  1 1,  measure  this  effect  in  terms  of  the  age 
group,  voung -adult,  middle-aged,  or  elderly, 

to  uhich  an  i-otv,idual  belongs.  A  second  purpose 
was  tv.  ie  "ermine  to  what  intent  the  effects  of 
rejn.c'.-d  sonic  yxjom  exposure  during  sleep  ere 
cumulative  with  respect  to  affective  states. 

There  were  eight  p».!i  :  .bj.  cts  in  ,t*ch  of  the 
following  tlrrcs  age  groups:  young-adults  (21 
to  26  yeers  old'. ,  miGlls-aged  140  to  45  years 
old),  and  elderly  (db  to  72  years  old).  Two 
subjects  at  a  time  conxioutive  nights 

in  a  sleeping  room  equipped  far  .v.-nic-booa  simu¬ 
lation  and  electronhysioi'-ical  monitoring.  Both 
subjects  in  each  pair  v'«te  fiu*.  same  age 
group.  For  the  fi'-st  t»v*  v-te.-i  the  subjects 
were  permitted  to  adnpt  to  t:.e  sleep:.'!,  ^barter*, 


and  no  booms  were  presentad.  On  nights  6  through 
17,  the  subjects  were  exposed  to  hourly  sonic 
booms  starting  at  2300  hours  and  continuing  until 
0600  hours  the  following  morning.  Each  boas  had 
an  intensity  of  .1  psf  measured  inside  the  sleeping 
room  and  1  psf  measured  in  the  pressure  chamber 
adjacent  to  the  sleeping  room.  The  rise  time  of 
the  boom,  es  recorded  in  the  sleeping  quarters 
wt.s  12  msec,  and  it  had  a  duration  of  approximately 
2134  msecs.  The  last  four  nights  of  the  sequence 
wars  designated  recovery  sessions.  The  subjects 
completed  the  composite  mood  adjective  checklist 
in  the  evening  before  retiring  and  in  the  morning 
after  taking  on  each  of  the  21  days. 

Tie  results  showed  that  substantial  effects 
relating  to  the  age  of  subjects,  irrespective  of 
boom  presentations,  were  obtained.  However, 
no  change  in  moods  attributable  to  the  occurrence 
cf  simulated  sonic  boons  was  fo>:rsi.  It  was 
concluded  that  simulated  sonic  d.io ej,  of  such 
low  intensity  were  unlikely  to  have  adverse 
consequences  on  the  mood  states  of  oost 
individuals. 

This  was  the  first  investigation  of  tlie  effect 
on  oooci  states  of  exposure  to  sonic  booms  during 
sleep. 

HRSC-31 

INITIAL  CALIBRATION  AND  PHYSIOLOGICAL  RESPONSE  DATA 

FOR  THE  TRAVELING-WAVE  SONIC-BOON  SIMULATOR 

Richard  Car other* 

Institute  for  Aerospace  Studies,  University  of 

Toronto,  UTIAS  Technical  Note  No.  160,  August  1972 

This  report  deals  with  the  initial  calibration 
oi  a  sonic  boeni  simulation  facility  which  was 
designed  and  built  at  the  University  of  Toronto 
Institute  for  Aerospace  Studies.  Also  presented 
are  the  results  of  tests  showing  the  effects  of 
sonic  booms  oi  human  heart  rate  and  hearing. 

Only  the  latter  portion  of  the  report  ie  summarized 
here.  For  a  description  of  the  simulation  facility, 
aee  capsule  Mmcmary  SM-16. 

The  first  set  of  tests  was  carried  out  before 
the  installation  of  the  fiberglass  acoustical 
filtering  section.  Thus  the  sonic  boons  had  a 
superimposed  broadband  jet  noise  which  increased 
tl.eir  subjective  leudneas.  In  these  tests  20 
subjects  were  exposed  to  50  sonic  booms  at  tne 
rate  of  25  per  minute.  The  "noisy"  booms  had 
an  overpressure  of  2  p»f,  a  duration  of  SO 
msec  and  a  rise  time  of  3  msec.  Records  were 
made  of  the  initial  (immediately  before  bo.  a 
exposure)  and  increased  ( immediately  alter  been 
exposure)  heart  rates  as  well  as  the  time 
taken  for  the  increased  heart  rate  to  return 
to  Its  pre-stimulus  level.  Audiogram*  were 
completed  before  and  about  2  minutes  after 
the  50  aonic-boom  exposures. 

After  the  installation  of  the  fiberglass 
acoustical  filtering  section,  a  more  detailed 
study,  using  the  "reduced  noise"  sonic  booms  of 
2,  4,  and  8  psf  overpressures,  SO  msec  duration 
and  3  msec  rise  times,  was  then  made  of  hearing 
and  heart  rate  responses.  Audiograms  were  again 
performed  before  And  about  two  minutes  after 
exposure  to  so  sonic  booms.  The  heart  rate 
measurement*,  however,  were  somewhat  modified. 

Each  subject  ms  in  a  reclining  position  and 


was  allowed  to  raat  for  a  short  time,  Before 
any  sonic  boost  exposure,  each  subject  had  to 
answer  a  staple  question,  perform  a  simple  task, 
and  solve  a  staple  mathematical  problem. 

Because  the  second  set  of  sonic  boost  nee  aura  - 
uents  required  more  time  to  perform,  it  was 
necessary  to  limit  tto  experiments l  group  to 
8  subjects. 

the  results  indicated  that  sonic  boons  of  up 
to  6  psf  peak  overpressure  do  not  have  a 
detrimental  affect  on  human  hearing  or  heart 
rate.  However,  the  subjective  evaluation  of  the 
sonic  boons  indicated  that  peak  overpressures  of 
4  psf  or  nore  would  be  unacceptable  to  most  people. 

T'e  significance  of  this  investigation  lies  in 
its  fairly  conclusive  finding  that  exposure  to 
very  frequent,  strong  sonic  booms  does  not 
affect  human  hearing. 

HRSC-62 

SIMULATED  IKOOGR  SOMIC  BOOMS  JUDGED  RELATIVE  TO 
NOISE  FROM  SUBSONIC  AIRCRAFT 
Karl  D  Kryter  and  Jeroate  S.  Lukas 
NASA  CK-2106,  August  1972 

The  sonic  boom  simulation  facility  described  in 
capsule  summary  HRSC-40  was  used  in  the  present 
investigation  to  obtain  subjective  comparisons 
of  sonic  booms  and  noise  from  subsonic  aircraft. 
Twenty  subjects  ranging  in  age  frou  25  to  49 
years  {average  age  of  34.0  years)  participated 
in  the  experiment. 

The  subjects,  randomly  divided  into  six  groupx, 
were  each  tested  for  three  or  four  consecutive 
days,  during  sessions  of  approximately  one  and 
one-half  hour  duration.  In  each  session  each  sub¬ 
ject  was  required  to  make  sixteen  paired  compari¬ 
sons  between  a  simlulated  sonic  boom  with  csrtain 
characteristics  and  a  recorded  subsonic  fanjet 
flyover  noise. 

The  following  conclusions  were  reached  »s  a  result 
of  this  investigation: 

1.  Spectral  differences  due  to  variations  in  the 
rise  times  of  sonic  booms  affect  the  judged 
noisiness  of  the  booms  as  heard  indoors.  A 
boom  having  a  rise  time  of  3.5  msec  and  a 
peak  overpressure  of  l.S  psf  {as  measured 
outdoors)  was  judged  relative  to  the  aircraft 
noise  to  be  About  as  unwanted  or  noisy  as 

>  boom  having  a  rise  time  of  9.0  msec  but 
a  pea*:  overpressure  of  2.0  psf. 

2.  The  relative  effects  of  the  spectral  changes 
on  judged  noisiness  are  consistently  predicted 
by  the  various  units  of  sound  measurement 
commonly  used  for  evaluating  typical  sub¬ 
sonic  rircraft  flyover  noises, 

3.  In  order  to  best  predict  from  physical 
measures  the  subjective  noisiness  of  sonic 
booms  vtt-.n  ccagiared  with  the  i  uise  from 
subsonic  aircraft,  it  appears  necessary 

and  appropriate  to  apply  an  "impulse"  correc¬ 
tion  value  to  EFNL'a  measured  or  calculated 
for  the  tonic  booms. 

4.  On  the  tesis  of  the  present  study  and  pre- 
vious  tests  conducted  with  sonic  booms  and 
subsonic  aircraft  noise  heard  outdoor*),  a 


graph  of  the  functions  for  correcting  FNLs 
of  impulses  for  outdoor  and  indoor  listening 
is  tentatively  proposed.  The  amount  of 
l^xilse  correction  for  a  given  sonic  boom 
when  heard  indoors  appears  to  be  about  one- 
half  of  that  required  for  listening  to  the 
same  boom  outdoors. 

In  a  previous  study  (see  capsule  summary  HRSC-S4) 
questions  were  raised  concerning  the  validity  of 
"controlled"  experiments  equating  acceptability 
of  booms  and  subsonic  aircraft  noise.  However, 
the  finding  of  the  present  investigation  that  the 
relative  effects  of  spectral  changes  on  the  judged 
noisiness  of  scnic  booms  are  consistently  pre¬ 
dicted  by  the  various  units  of  sound  measure¬ 
ment  coesonly  used  for  evaluating  subsonic  air- 
ct  *t  noise  indicates  that  there  is  a  definite 
relationship  between  the  acceptability  of  the 
two  types  of  sounds. 

HRSC-83 

ECONOMIC  AND  SOCIAL  ASPECTS  OF  COMMERCIAL  AVIATION  AT 
SUPERSONIC  SPEEDS 
Bo.  K.  O.  Lundberg 

I CAS  Paper  No.  72-51,  Presented  at  The  Eighth  Con¬ 
gress  of  the  International  Council  of  the  Aeronau¬ 
tical  Sciences,  Amsterdam,  The  Netherlands, 

August  28  to  September  2,  1972 

This  paper  is  basically  the  same  as  an  earlier 
paper  by  Lundberg  (see  capsule  summary  KRSC-69) . 

The  reader  is  referred  to  the  capsule  summitry 
of  that  paper. 

HRSC-84 

AN  UNSTABLE  STEERING  TASK  WITH  A  SONIC  BOOM 

DISTURBANCE 

K.  W.  Lips 

UTIAS  Technical  Note  No.  179.  September  1972 

The  horn-type  sonic  boom  simulation  facility 
described  in  capsule  summary  SK-16  warn  used  in 
the  experiment  described  in  this  report  to  investi¬ 
gate  the  effect  of  sonic  boosw  on  an  individual's 
ccmrensatory  tracking  performance  for  an  unstable 
system.  Six  subjects,  ranging  between  the  ages 
of  25  and  5-1,  tears  exposed  *o  simulated  sonic 
boosts  having  overpressures  of  2,  4,  and  8  psf, 
durations  of  80  msec,  and  rise  times  of  3.0 
msec.  (The  majority  of  the  boo as  had  overpres¬ 
sures  of  two  psf.) 

The  tracking  task  resaablcd  an  unstable  auto¬ 
mobile  driving  task.  A  standard  size  auto 
steering  wheel  provided  the  subjects  with  a 
means  of  controlling  the  horizontal  displacement 
of  a  moving  vertical  line  (error  signal)  from 
fixed  reference  lines  on  an  oscilloscope  screen. 
Basically,  it  was  the  task  of  the  driver  to  fol¬ 
low  a  random  function  which  forced  the  error  bar 
off  center.  Rather  than  providing  direct  posi¬ 
tion  control,  the  task  was  made  more  challenging 
by  having  the  wheel  output  (driver  control)  sig¬ 
nal  filtered  through  the  dynamics  of  a  first 
order  linear  unstable  system. 

The  basic  technique  was  to  carry  out  three  consecu¬ 
tive  150  sec  runs  with  a  two-mi  mite  rest  period 
after  each  ©»m.  The  subject  was  told  that  he 
may  or  may  not  be  exposed  to  a  sonic  boom  distur¬ 
bance  during  the  test. 
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Fo.r  the  purpose  of  cosparison  with  sonic-boca 
response ,  an  alternative  stimulus  was  presented 
to  the  driver  in  the  tor*  of  a  question  asked  by 
the  operator  over  the  intercom.  Except  for  the 
nature  of  the  disturbance,  the  entire  run  proce¬ 
dure  was  identical  with  that  used  during  softic- 
biX'SvJ . 


The  questionnaires  asked  subjects  to  “imagine  kw 
such  you  are  startled  by  a  fairly  loud  door-ala*, 
and  suppose  that  that  startles  you  by  an  amount 
which  you  value  as  10,  Then  assign  »  ,  ,  a 
value  in  proportion  to  the  amount  the  bang  , 
startles  you- .  .  t)k,  judgment  was  tensed 
Startle  hating,  SR. 


The  following  are  the  *ain  conclusions  reached  as 
a  result  of  this  experiment: 

1.  On  the  basis  of  the  findings  obtained  during 
this  study,  'it  can  be  said  that  sonic-boo*, 
disturbances  of  the  type  generated  by  thr 
Concorde  f;ST  result  in  a  measurable  startle 
effect  (performance  deterioration  during  a 
tracking  task)  manifesting  itself  in  some¬ 
what  different  ways  for  different  individuals 
at  different  times. 

2.  Total  performance  loss  as  well  as  almost 
negligible  change  in  performance  were  observed. 
Between  these  extremes  was  found  a  pattern 
involving  an  initial  startle  followed  by 

peak  ampiitii**  response,  sometimes  partial 
recovery,  and  total  recovery.  This  pattern, 
n  general,  is  i*n t  similar  to  that  obtained 
fro*  startle  following  a  simple  question. 

3.  The  problem  of  specifying  a  given  response 
for  a  given  sonic-boon  signature  and  task 
appears  to  be  statistical  in  nature. 

It  is  pointed  out  by  the  authors  that  the  results 
apply  only  to  that  particular  task  s inula ted  during 
this  study.  Because  of  the  small  number  of  subjects 
and  somewhat  qualitative  approach  used  in  measuring 
reaction  characteristics  no  "final”  conclusions 
were  felt  to  be  justified.  Bather,  it  was  felt 
that  the  results  provide  a  guide  toward  e  potentially 
fruitful  area  of  research  into  the  effect  of  sonic- 
booms  on  hunan  response. 


HKSC-B5 

SONIC  BOON  STARTLE:  A  FIELD  STUDY  IN  MEPPEN. 

WEST  GERMANY 
D.  K.  Nay 

Journal  of  Sound  and  Vibration,  Vol.  24,  So.  3, 

1972,  pp.  337-347 

The  results  of  a  field  experiment  conducted  in 
Htppen,  West  Germany  are  presented  in  this  paper. 
The  purpose  of  the  experiment  was  to  relate  the 
subjectively-reported  startle  of  up  to  39  subjects 
exposed  to  up  to  S3  sonic  booms  to  sixple  functions 
of  their  rise  times  and  overpressures. 

The  booms  were  generated  by  Luftwaffe  F-104G 
Sterfighter  aircraft  flying  at  36,000  feot  end  a 
speed  of  approximately  x  *  1.6.  The  measured 
overpressures  were  on  the  order  of  1.5  psf.  Rise 
time,  which  was  defined  simply  as  the  time  to 
peak  overpressure,  lay  in  a  range  as  wide  as  2  to 
39  ms.  The  booms  were  applied  approximately  evenly 
over  normal  working  hours  on  ten  consecutive 
weekdays. 

The  subjects  in  the  experiment  were  recruited  at 
very  limited  notice,  so  that  no  representative 
cross-section  of  the  population  could  be  used. 

They  fell  into  a  number  of  occupational  categoric, 
as  follows:  4  laborers  (average  age  33),  15 
schoolboys  (average  age  16),  20  sciantific  staff 
(average  age  34).  The  subjects  carried  question¬ 
naires  with  them,  and  mostly  went  about  their 
normal  lives  during  the  experiment. 


An  analysis  was  then  made  to  relate  Startle 
Rating  3  to  various  function*  of  peak  overpres¬ 
sure  AP  and  rise  time  At.  Preliminary  predic¬ 
tion  equations  wen  found  for  the  startle  due  to 
Sonic  boosts  heard  outdoors  as  follows, 

1.  S„  -  3,56  (AF^/At)  -  O.Ufc  At  +  9.05. 

X 

with  dp  in  lb/ft *  and  it  in  ms  for  the  range 
0.5<fcP<2.5  and 


=  1.55  Ift 


(L-10G)/1<? 


7.05 


where  L,  the  loudness  of  the  boom  In  phons, 
lies  in  the  range  90-115. 


It  is  suggested  by  the  author  that  the  unit  of 
startle  rating  be  the  "jump*.  From  the  first 
equation,  it  is  pointed  cut:  that  Concorde- typu 
booms  of  about  2  ib/ft2  nominal  or  ground-reflected 
overpressure  could  be  expected  to  produce  "jumps" 
ranging  from  about  5  through  10  to  16  as  the  rise 
time  dropped  from  40  ms  to  2  ms,  respectively.  An 
unusually  "severe"  Concorde-type  boom  with  an  over¬ 
pressure  of  about  2.5  lb/ft2  and  a  rise  time  of 
2  ms  would  produce  30  "jumps",  and  an  unusually 
“gentle"  boom  with  an  overpressure  of  about 
1.5  lb/ft2  and  a  rise  time  of  35  as  would  produce 
5  "jumps". 

In  a  parallel  study  conducted  at  the  same  time 
the  present  study  was  being  made  (see  capsule 
suMury  TSC-46) ,  May  derived  a  simple  relationship 
between  rise  time,  overpressure,  and  loudness  of 
a  sonic  boom. 

It  is  pointed  out  by  the  author  that  there  are 
good  reasons  lot  regarding  the  prediction  equations 
only  as  preliminary  ones.  Due  to  the  fact  that 
the  experiment  was  organised  on  only  a  few  days* 
notice,  the  subject  population  was  inadequately 
constituted  and  a  proper  experimental  plan  was 
impossible.  The  waveforms  were  not  always  those 
experienced  at  the  subjects*  ears.  Furthermore,  the 
data  did  not  contain  a  very  substantial  mater  of 
jud^snts. 

Howe-"er,  in  spite  of  its  limitations  this  wan  a 

significant  investigation  in  that  these  results 

were  the  first  to  provide  a  means  of  relating 

startle  to  the  boom  parameters. 

* 

HRSC.-B6 

AMAON1NG  EFFECTS  OF  SIMULATED  SONIC  ROOMS  AND  AIR¬ 
CRAFT  NOISE  ON  MEM  AND  MCNEN 

J.  S,  Lukas 

Journal  of  Sound  and  Vibration,  Vol,  20,  No.  4, 

1972,  pp.  457-4b6 

This  paper  summarises  the  research  conducted  at 
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Stanford  Assearch  Institute  oyer  the  period  1966* 
1971  concerning  the  effects  of  sonic  booms  on  sleep. 
The  reader  is  referred  to  capsule  sumaries  HRBC-40, 
HRSC-51,  8XSC-53,  HKSC-67,  and  HRSC-66  for  details 
of  these  studies.  The  mein  points  brought  out  in 
this  review  are  the  following* 

1.  '  Children  5*8  years  of  age  are  not  affected 

by  noise  during  sleep. 

2.  Older  subjects  are  acre  sensitive  to  noise 
during  sleep  than  are  younger  subject*. 

3.  Women  are  sore  sensitive  than  sen  to  noise 
during  sleep. 

4.  Individuals  say  vary  widely  within  an  age 
group  witli  respect  to  their  relative  sensi¬ 
tivities  to  noise  during  sleep. 

5.  The  frequency  of  behavioral  awakening  is  e 
function  of  the  intensity  both  in  the  case 
of  sonic  bocaw  and  in  the  caae  of  subsonic 
jet  flyover  noise. 

This  paper  is  an  updated  version  of  the  paper 
described  in  capsule  summery  HRSC-65.  The  earlier 
paper  contains  no  information  concerning  the 
effects  of  sleep  on  women. 

HRSC-8? 

BEHAVIORAL  AWAKE* I HG  AMO  SUBJECTIVE  HEACTIOMS  TO 

INDOOR  SONIC  BOOHS 

J.  E.  Ludlow  and  p.  a.  Morgen 

Journal  of  Sound  and  Vibration.  Vol.  25.  No.  3. 

1972.  pp.  -  79-495 

in  .'his  paper  two  experiments  dealing  with  the 
efi«*  ts  of  sonic  Looms  on  sleep  ere  described. 

The  ilrst  experiment  was  described  in  an  earlier 
paper  by  Morgen  and  Mice  (see  capsule  summary 
HRSC-H)  and  will  not  be  covered  in  depth  here. 

The  reader  is  referred  to  the  capsule  s unity  of 
that  paper  for  details.  The  second  experiment 
was  similar  to  the  first  except  that  the  simulated 
sonic  booms  covered  e  wider  range  of  intensities 
and  the  length  of  the  experiment  was  fourteen 
nights  instem  of  six  nights. 

In  the  second  experiment  eight  sdoject*  spent  a 
total  of  iourteen  consecutive  nights  in  the 
bedrooms,  the  first  six  nights  were  for  adaptation, 
and,  of  the  remaining  eight  .tights,  two  were 
control  nigh\ i  and  six  wert  used  for  sonic  boom 
exposure.  Th\  mein  reason  for  the  greater  sength 
of  the  second  experiment  war  to  allow  the  subjects 
■ore  time  to  adapt  to  the  unfamiliar  surroundings. 
The  stimulus  used  throughout  b jth  experiments  was 
a  recording  taken  f.-.nm  e  son  if  boom  simulator  which 
was  intended  to  repre.ent  e  *eason«bia  facsimile 
of  an  indoor  sonic  boom. 

The  second  expe-'^*nt  resulted  in  the  following 
findingss 

1,  over  the  six  “adaptation"  nights  there  was 
a  gsneral,  but  not  signif’cant,  tendency 
towards  a  decrease  in  spontaneous  awakenings, 

2.  of  the  total  of  59  yoor.tenecrus  awakenings 
for  the  entire  group  over  the  first  six 
iiights,  34%  occurred  In  the  first  half  of  the 
night. 


3.  As  the  experiment  progressed,  subjects  were 
awake  on  fewer  occasions  when  stimuli  were 
presented, . end  they  awoke  in  response  to 
fewer  stimuli. 

4.  As  the  nights  progressed,  subjects  were  able 
to  return  to  sleep  mote  rapidly  after  being 
aroused  by  .he  simulated  booms. 

5.  In  Use  second  experiment,  in  which  the  range 
of  stimulus  intensities  used  waa  greater  then 
in  the  first  experiment  (69,  79  and  84.5  dSA 
(fast)  vs.  71.2,  74.2  and  77.6  dSA  (faat)j, 
it  wee  found,  in  contrast  to  the  findings 

of  the  first  experiment,  that  the  stimulus 
intensities  did  effect  behavioral  awakening. 

Previous  investigations  of  the  effects  of  sonic 
booms  on  sleep  were  conducted  by  Lukas  and  Kryter 
(see  capsule  suemaries  hrsc-40  and  HRSC-53) , 

Lukas,  Dobbs,  and  Kryter  (see  capsule  s unary 
HASC-68),  Smith  and  Hutto  (see  capsule  summery 
HRSC-60) ,  and  Chiles  and  West  (see  capsule  summary 
MASC-78) . 

KBSC-88 

factors  appectzsc  coMHUsrrr  accutance  or  the  sonic 

MOM 

Harvey  H.  Hubbard  and  Oomenic  J.  Meglieri 
NASA  1MK-- 405,  Proceeding*  of  NASA  Conference  on  Super¬ 
sonic-Transport  Feasibility  Stacies  and  Supporting 
JteeesEch,  December  1963,  pp.  399-412 

This  p*t«r  present*  a  brief  review  of  sonic  boon 
pimome ns  and  factors  affecting  coamualty  accept¬ 
er  ,-v  i,t  sonic  booms.  Reenlta  obtained  iucon- 
juuctfon  with  various  flight  t eat  studies  concerning 
the  reactions  of  observers  and  damage  complaints 
received  are  discussed,  it  is  concluded  that 
although  the  experience  with  military  aircraft 
was  in  the  rasga  of  overpressures  of  interest, 
it  was  not  definitive  enough  to  make  a  gua-ritatiyc 
evaluation  of  the  problem.  However,  the  experience 
with  military  aircraft  diJ  indicate  that  a  major 
factor  in  shaping  attitudes  toward  conic  booms 
is  the  matter  of  building  vibrations. 

MKC-89 

SONIC  BOOHS  AESCLTIMC  PM*  OTUJCU  LOW-ALTITUDE 
SUPERSONIC  PLIGHT:  HE»$l*PM3fXS  AM)  OgSERVATtOBS 
0>  BOUSES,  LIVESTOCK  AM)  PKWLE 
C.  d.  Mixon,  H.  X.  Kills,  R.  C,  Someer,  and  E.  Cuild 
Ae'oapacc  Medical  Research  Laboratories,  Wrlght- 
Fatteraon  A.F.  Brae.  Ohio,  Report  No.  APRL-TE-68-52, 
October  1968 

In  the  flight-tea:  experiment  described  in  this 
report  .  sonic  booms  generated  by  F-4C  aircraft 
flying  lew-level  terrain-following  profiles 
during  Joint  Task  Force  11  operations  near 
Tonopah,  Nevada,  were  recorded  under  and  near 
the  flight  tracka,  and  responses  of  structures, 
people,  and  solatia  ware  observed.  The  overpres¬ 
sure  levels  directly  under  the  flight  track  varied 
between  30  and  144  pef.  Only  the  human  response 
findings  will  be  discussed  hare.  For  a  discussion 
of  the  animal  response  and  structural  response 
results,  aaa  ctqtule  summaries  Alt-4  and  SA-46, 
respectively. 

bioacoustic*  personnel  operating  the  main  record¬ 
ing  station  were  exposed  to  sonic  booms  ranging  in 
peak  overpressure  from  50  paf  to  144  pef.  Ear 


m 
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protection  wi  wont  by  som  Individual*  only 
during  the  first  few  run*,  while  other*  did  not  um 
ear  protection  at  any  tit»e.  The  praetor*  wave  waa 
felt  by  the  head  end  body  during  boon  exposure* 
a*  e  Jarring  sensation.  Rather  strong  tactile  sad 
kinesthetic  stinuLstlon  were  experienced  es  well. 
Son*  aonentary  discomfort,  fullness,  and  ringing 
of  the  ears  were  experienced  with  the  sore  Intense 
boons  and  these  persisted  f roe  periods  of  a  few 
seconds  to  as  aany  as  60  to  120  ssconds.  For  Che 
Boat  Intense  boons  the  synptens  cf  fullness,  ring" 
iM.  etc,,  were  algnlflcently  greeter  in  the  ear 
facing  the  approaching  aircraft  than  In  tbe 
contralateral  ear.  Synptons  were  easeatlelly  tbe 
ease  for  both  ears  for  the  lesser  Intense  boons. 


go  distinct  auditory  pain  was  reported  although 
sone  boons  were  described  as  very  sharp.  Per¬ 
sonnel  further  consented  that  the  met  Intense 
boons  would  have  been  judged  to  be  painful  bad 
thay  been  any  greater  in  negnltude.  Fran  this  it 
was  concluded  that  the  threshold  of  pain  for 
these  individual*  end  kinds  of  exposure*  was  close 
to  but  still  greater  than  164  pal.  Although  bearing 
acuity  was  not  physically  neasured,  subjects 
reported  no  Indication  of  any  observable  synp- 
tons  of  tenporary  hearing  loss  or  other  ear 
Involveaent. 

Individuals  performing  routine  tesks  of  pho¬ 
tography  and  operation  of  the  electronic  equlpeeot 
were  required  to  visuelly  follow  the  aircreft 
during  its  supersonic  pass.  Although  task  per¬ 
formance  was  not  interrupted  or  bothered,  all 
personnel  expressed  avoidance  behavior  consisting 
of  involuntary  ducking  and  flinching  in  response 
to  the  boots*.  This  behavior  occurred  for  indi¬ 
viduals  with  as  well  a*  without  ear  protection. 
Startle  responses  to  the  actual  pressure  wav* 
also  occurred.  This  behavior  did  not  habituate 
during  the  three-day  flight  prog ran.  In  fact, 
involuntary  tensing  or  nuacle  set  of  the  body 
in  anticipation  of  the  boons  appeared  to  be 
stronger  for  the  later  exposures  than  during 
the  initial  boons. 

Ages  of  exposed  individuals  at  various  occu¬ 
pied  locations  varied  fro*  6  to  more  then  70 
yean.  At  these  locations  the  nagnltudes  of  the 
cverpessure*  were  less  than  at  the  nsin  record¬ 
ing  station  but  still  such  greater  then  boon 
levels  normally  experienced.  So  physiological  • 
symptom*  or  effects  of  the  sonic  boons  were 
found  in  these  people, 

The'overpreesure  levels  experienced  in  this 
investigation  were  such  greater  than  in  any  pre¬ 
vious  or  subsequent  investigations.  The  fact 
that  no  physical  harm  resulted  from  these 
extremely  intense  boons  provided  very  strong 
evidence  that  the  levels  of  sonic  boon*  normally 
experienced  (below  about  2  paf)  are  not  a  health 
basard  to  humans. 

11 SCC- 90 

FREQUEHCf  SPECTRUM  OF  H-WAVES  WITH  FINITE  RISE  TIME 

?.  t.  One ley  and  0,  C.  Dunn 

The  Journal  of  the  Acoustical  Society  of  Alter ica, 

Vol,  41,  Ho.  4,  I960,  pp.  M9-890 

This  is  a  short  not*  which  compares  the  frequency 
spectrun  of  an  K-wav*  with  flsit*  rise  tin*  to 
that  of  an  N-wave  having  sero  rise  tine.  It  is 


shewn  that,  while  the  pressure  spee.tru*  of  an 
X-wave  with  sero  rise  tine  is  s  published 
spherical  Bessel  function,  the  spectrum  with  a 
finite  rise  time  not  exceeding  one-tenth  of  the 
duration  of  the  H-wsve  can  He  closely  approxi¬ 
mated  by  multiplying  two  spherics!  St*s*  l 
functions,  or,  equivalently,  by  adding  ihelr 
logarithmic  curves.  The  result  is  that  the  finite 
rise  time  effectively  sets  as  a  fairly  good  low 
pasa  filter  with  a  cutoff  at  a  frequency  repre¬ 
sented  by  1/It  (here  R  ia  the  rise  tine),  with 
a  very  minor  contribution  fro*  the  higher  lobes. 

KJtSC-91 

REPORT  OH  THE  SONIC  BOOM  THESO^SJiON,  THE  HAHGES 
OF  SOSIC  BOOM  VALUES  LIKELY  TO  BE  PRODUCED  BY 
PLASHED  SST'S,  AND  THE  EFFECTS  OF  SONIC  BOOMS  ON 
HUMANS,  PROPERTY,  ANIMALS,  AND  TERRAIN 
Attachment  A  of  ICAO  Document. 8894,  SBP/II,  Report 
of  tbe  Second  Meeting  of  the  Sonic  Boon  Panel , 
Montreal,  October  12  to  21,  i97G 

This  report  is  conpoaed  of  six  chapters,  each 
dealing  with  a  certain  aspect  of  sonic  boos 
phenomena.  The  present  capsule  summary  ausscar- 
ires  only  Chapter  3,  which  1*  entitled  "Sonic 
Boon  Effects  on  Hunan  Beings." 

Tbs  discussion  presented  in  Chapter  3  is  in  tbe 
form  of  a  summary  of  the  state  of  knowledge 
concerning  Hunan  response  to  sonic  boons.  The 
following  nre  sone  of  the  conclusions  reached 
as  a  result  of  the  review  of  laboratory  and 
flight  studies  of  huean  response: 

1.  Individual  huavn  response  to  an  individual 
sonic  boo*  Is  highly  variable  because  of 
personal  and  sociological  factors:  hence, 
it  Is  not  very  predictable.  The  response 
of  a  collection  of  Honan  beings  to  an 
individual  sonic  boon  plays  down  these 
variable  factors  by  averaging  over  then. 
Promising  prediction  nsthods  based  on 
features  of  tha  particular  boon  signa¬ 
ture  are  evolving,  although  they  are  not 
folly  verified.  The  response  of  s  collec¬ 
tion  of  timer  beings  to  *  collection  of 
sonic  boons  . avolves  further  averaging  over 
the  boon  si  jp. a  ter*  variability  fro*  place 
to  place  end  t*ne  to  time  outdoors  and 
indoors  for  given  flight  conditions  (given 
nosinal  peak  overpressure).  Such  collec¬ 
tive  human  response  is  to  son*  measure  pre¬ 
dictable  from  contain  ity  surveys. 

2.  The  effect  of  the  scatter  in  Measured  over¬ 
pressure  intensities  due  to  the  atmospheres 
is  automatically  included  in  community 
surveys. 

3.  Outdoor  annoyance  incresses  Markedly  as 
shock  rise  time  decreases,  as  well  as  with 
the  degree  of  "spikiness"  In  the  signature. 

4.  Indoor  annoyance  depends  upon  Many  factors 
In  addition  to  the  loudness  level,  such  as 
the  degree  of  rattle  and  vibration  and 
whether  the  Individual  is  a  Hone  owner. 

3.  For  an  individual  flight  the  only  feature 
subject  to  a  degree  of  control  is  the 
flight  profile  and,  therefore,  the  nosinal 
peak  overpressure  (and  other  parameters) 


that  may  be  calculated  aa  characteristic, 
on  the  average,  of  that  flight  profile.  Thus 
collective  human  response  nsnursd  agslast 
nominal  aeon  overpressure — obtained  i row 
cowaralty  surveys — is  probably  the  tost 
pertinent -indicator  of  public  response  to 
the  sonic  boon  at  a  given  boon  frequency, 

6,  The  body  of  data  on  coan unity  response 

to  the  sonic  boon  locks  adequate  information 
pertaining  to  boon  frequency  and  to  night- 
tint  sonic  boon  exposure  aa  veil. 

This  ia  one  of  the  bast  sueoarles  available  con- 
cerclsg  the  stete  of  knowledge  of  hunsn  response 
to  sooic  boons. 
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a  ranKtXAL  design  maocw  rot  supersonic  ovaarucut 

BASED  0 U  THE  PERCEIVED  LEVEE.  ndM  AMD  OASS  DAMAGE 

pvomiiLm  or  some  booms 

Thonot  H.  Higgins  and  Larry  X.  Carpenter 

PAA  Report,  July  1973 

This  paper  presents  an  investigation  into  the 
possibility  of  determining  e  combination  cf 
overpressure  and  rise  tine  which  results  in  aa 
"acceptable*’  sonic  boost.  The  key  to  thin  investi¬ 
gation  in  the  following  general  formula  for 
cstinat in? - 1 he  perceived  level  of  a  sonic  boon: 

Perceived  Level  {PLdB)*5S*20  log^AP/t 

where  dp  io  the  sonic  boom  overpressure  in  psf 
and  r  is  the  rise  time  ia  seconds.  This  formula 
ia  based  upon  subjective  ratings  of  sonic  booms 
obtained  during  the  Edwards  Air  rocee  Ease 
experiments  of  1967  (see  capsule  summary  MRSC-2S) . 

The  results  of  e  sonic  boom  s lnelation  experiment 
are  presented  which  show  that  a  sonic  boom  level 
of  108  Kdl  was  acceptable  to  7S  percent  of  the 
subjects  tested  and  a  sonic  boom  of  100  IUI  was 
acceptable  to  95  percent  of  the  subjects.  Based 
upon  this  data  and  data  concerning  the  potential 
of  sonic  booms  for  causing  glass  dungs,  curves 
are  presented  which  show  coabinctiona  of  over¬ 
pressure  and  rise  tins  which  will  result  in 
acceptable  scale  boons.  This  "design  window” 
includes  overpressures  as  high  aa  5  psf. 

Two  areas  need);-*  additional  work  ara  pointed 
out: 

1,  Paychophyu-cai  studies  regarding  human 

*  acceptability  of  *  sonic  boon  perceived 
level, 

2.  Asrodynanit  stvlie/.  regarding  overpressure/ 
rise-time  ,  ;t '  on  and  controllability 
technique j  wi-.h  n  view  to  reducing  the  per¬ 
ceived  levs? .  v?. of  civil  super  sooic 
transport. 

This  paper  do*p  a  good  job  of  ^emphasising  the 
inportar.ee  of  taking  both  overpreseu ra  and  rise 
time  into  account  when  airplane  design  studies 
are  being  conducted. 


6.0  STRUCTURAL  RESPONSE 


Pricriiaf  pip  Mat 
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AIRPLANE  MOTIONS  .AND  LOADS  INDUCED  31  FLYING  THROUGH 
THE  FLO.'  FIELD  GENERATED  ITS"  AS  AIRPLANE  AT  LOW 
SUPERSONIC  SPEEDS 

C.  E.  Jordan,  E.-  R.  Keener,  S.  P.  Butchsrt 
KACA  6KH57Gl?a,  June  7,  1557 

“file  results  of  an  investigates  of  airplane  sot  ions 
and  loads  induced  by  flying  through  the  flew- field 
of  an  airplane  at  low  supersonic  ape  a*  is  presented 
in  this  report.  These  results  indicate  chat  sig¬ 
nificant  airplane  cot ions  and  vertical-tail  loads 
can  be  experienced  as  a  result  of  close-proxisity 
side-by-side  passes  in  the  cause  direction  at  super¬ 
sonic  speed.  Tr.e  aost  severe  motions  and  vertical- 
tail  loads  were  experienced  di  *ng  passes  sade  at 
separation  distance#  it-3*  than  100  feet  and  st  e 
tis*  to  pass  near  and  slightly  greater  than  the 
airplane  natural  period  in  yaw.  The  passing  air¬ 
plane  experienced  saxieus  side slip  angles  of  About 
5.4*  and  nasiswc  vertical-tail  load#  of  approxi- 
eataly  50  percent  of  design  Unit  is  shear,  bending 
sosent,  and  torsion.  Increasing  the  lateral  sep¬ 
aration  distance  van  shown  to  decrease  the  aaxisuc; 
sideslip  angle  and,  thus  to  reduce  the  saxiaus 
vertical- tail  load. 

A  later  investigation  reported  by  Kaolieri  end 
Karris  ff.es  capsule  suxesary  3R-<)  showed  that  the 
response  of  light  airplanes  to  sonic  boosts  of  the 
order  of  1-16  psf  is  negligible.  These  results 
do  not  contradict  these  of  the  present  report, 
since  the  overpressures  involved  were  such  higher 
and  the  exposure  tine  was  considerably  longer 
(both  airplanes  flying  at  approximately  the  sate 
speed)  in  the  present  investigation. 

58-2 

TACTICAL  USE  OF  SHOCK  WAVES  F«Mi  AIR-OSAFT 
W.  B.  Tooag 

3ureau  of  Aeronautics,  Navy  Dept.,  Washington,  O.C., 
Report  So.  DS  1305,  April  1558 

Tae  possible  tactical  use  of  the  sonic  boos  pro¬ 
duced  by  supersonic  cireraft  is  considered  in  this 
paper.  The  effects  upon  light  structures,  cam¬ 
ouflage,  and  helicopter*  on  the  ground  and  ia  the 
air  were  examined.  It  is  found  that  some  damage  to 
light  structures  is  probable,  but  daaage  to  aircraft 
la  improbable.  The  airplane  ~--tt  be  flows  within 
a  few  hundred  feet  of  its  target  to  be  effective. 

It  is  concluded  that  the  shock  wave  attack  aav  prove 
useful  against  necondtty  targets  and  targets  of 
opportunity  after  delivering  an  attack  using  "live" 
•munition  against  a  primary  target,  it  ia  also 
concluded  that  the  harassaeat  of  personnel  by  low 
flying  supersonic  aircraft  should  be  considerable. 

A  later  flight  test  investigation  reported  by 
Kaglierl  end  Morris  (see  capsule  snatary  5S-4) 
showed  that  the  response  of  light  airplanes  to 
overpressures  of  1-16  p*f  was  negligible,  Another 
Investigation  reported  by  Jardas,  et  ai  (ses  cap¬ 
sule  susrssry  SR-))  shored  that  C-47  airplane* 
exposed  to  sonic  boon  overpressures  up  to  140  psf 
experienced  very  little  damage.  These  findlnse 
agree  with  the  conclusions  of  the  present  report. 


SK-J  , 

FLIGHT  KSAEUREKENTS  OF  SONIC  BOOKS  AND  EFFECTS  OF 
SHOCK  WAVES  ON  AIRCRAFT 
4*  n.  uordan 

Society  of  Experlsental  Test  Pilots,  Quarterly  Review, 
V'al,  5,  So.  >,  1961.  py.  1 1- 1 1 1 

This  paper  present#  a  discuss icn  of  flight  measure¬ 
ments  of  sonic  boow  .and  the  effects  of  shock  wave', 
os  aircraft.  Only  the  discussion  of  the  latter 
effeexs  will  b«  summarized  here. 

The  results  of  a  previous  investigation  -see  caprule 
sij-aary  SF.-l)  concerning  airplane  notions  and  loads 
induced  os  an  airplane  flying  through  the  shock  wave 
system  generated  by  another  airplane  are  susearized 
in  this  paper.  The  reader  is  referred  to  the 
capsule  sutasry  of  the  earlier  paper  for  a  dis¬ 
cussion  of  those  results. 

Also  discussed  are  the  results  of  a  flight-test 
experiment  whose  purpose  was  to  determine  whether 
or  net  shock  wave*  ran  damage  a  C-47.  The  C-47 
was  subjected  to  overpressures  as  high  as  140 
Ib/sq.  ft.  Tests  were  conducted  both  with  the 
C-47  cu  the  ground  son  in  a  landing  condition 
-ps roach .  During  the  ground  tests  the  maximal 
response  of  the  wing  to  the  cos  t  intense  shcck 
vivas  was  approximately  5  percent  of  design  lead 
limit.  The  only  damage  to  the  C-47  during  all 
of  the  ground  teats  was  lo&senitg  of  the  seeling 
fabrics  cn  the  retr  apers  of  the  horizontal  and 
vertical  tails ,  and  breaking  ef  .*  cast-aluolnun 
bracket  holding  a  fire  extinguisher  in  the 
passenger  cabin.  Several  inspection  doors  on 
the  lower  surface  of  the  via*  were  opened  by  the 
•bock  pressures  during  passes  at  the  lowest 
altitudes. 

In  the  landing-approach  condition  the  response  of 
the  airplane  appeared  to  be  Each  less  severe  than 
for  similar  passes*  with  the  C-47  on  the  govpd.  So 
control  problems  were  experienced  by  the  pilot; 
asd  the  C-47  was  not  damaged. 

It  ia  cnociuded  that  a  aupersnsic  transport  should 
experience  no  difficulty  nor  be  a  cause  of  concern 
to  other  si rplsr.es  if  normal  sspareticn  distances 
are  maintained. 

A  later  flight  tast  investigation  reported  by 
Kaglieri  sad  Kerris  (see  capsule  #c*@ary  SS-4) 
showed  that  the  effects  of  sonic  boos*  of  1-16  lb/ 
sq.  ft.  os  light  aircraft  va*  negligible. 

SA-4 

HEAOTUHENTS  OF  THE  HE5F0SSE  OF  TWO  LIGHT  AlRflA-VEf 
TO  sostc  soae 
D.  J.KagUart,  G.  J,  Kerris 
NASA  IB  D-J941,  August  196  J 

The  results  of  as  investigation  whose  purpose 
rw  tv  measure  the  acceleration  re»pcaseie  of  a 
Piper  Celt  and  c  Modified  Jeaeh  C-45H  to 
socle  hoes  overpressures  varying  iror,  about 
1  to  16  pof  are  presented  is  thie  paper.  The 
alrplBBea  were  exposed  t-  the  overpressures 
while  parked  on  the  ground,  la  cruising  flight, 
in  euros,  end  in  flight  near  stall. 
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Acceleration  increments  measured  near  the  center 
of  gravity  were  less  than  +  0.2g  in  the  normal, 
transverse,  or  longitudinal  direction,  had 
periods  of  about  0.1  second,  and  generally 
were  damped  out  in  less  than  two  cycles.  Some 
responses  to -Che  booms  were  not  discernible 
from  the  residual  acceleration  level.  Airplane 
rigid-body  motions  were  not  detected  from 
motion  pictures  and  the  primary  source  of  the 
response  was  thought  to  be  structural.  Somewhat 
higher  responses  were  measured  for  the  Piper  Colt 
than  for  the  Modified  Beech  C-45H  and  were 
attributed  to  the  lighter  wing  loading  of  the 
Colt. 

In  general,  the  magnitude  of  the  acceleration 
response  Increased  with  overpressure,  was  depend¬ 
ent  on  the  orientation  of  the  shock  wave  and 
test  aircraft,  and  apparently  was  somewhat  higher 
in  flight  close  to  stall  than  in  cruise  or 
turning  flight. 

It  is  concluded  that  the  responses  to  the  sonic 
booms  appeared  to  be  so  small  as  to  be  insignifi¬ 
cant  as  regards  structural  loads  or  airplane 
control  and  were,  for  the  most  part,  negligible 
in  comparison  with  responses  resulting  from 
routine  operations  such  as  take-off,  landing, 
and  flight  in  light  air  turbulence. 

Three  previous  investigations  dealt  with  the 
effects  of  sonic  booms  on  aircraft.  The  earli¬ 
est,  which  was  by  Jordan  (see  capsule  summary 
SR-1) ,  indicated  that  significant  airplane 
motions  and  vertical  tall  loads  can  be  experi¬ 
enced  as  a  result  of  close-proximity  side-by- 
side  passes  at  supersonic  speed.  The  second, 
by  Young  (see  capsule  summary  SP.-2),  found 
that  damage  to  aircraft  as  a  result  of  sonic 
booms  is  improbable.  The  third,  by  Jordan  (see 
capsule  summary  SR-3)  again,  demonstrated  that 
the  damage  to  C-47s  as  a  result  of  sonic  boom 
overpressures  up  to  140  psf  is  very  minor.  The 
results  of  the  present  investigation  do  not 
contradict  any  of  these  earlier  results. 

SR-5 

SOME  SONIC-BOOM-INDUCED  BUILDING  RESPONSES 

J.  M.  Cawthorn 

Journal  of  Acoustical  Society  of  America,  Vol.  35, 

No.  11,  1963,  pp.  1886,  1887 

This  paper  presents  the  results  of  a  series  of 
tests  in  which  a  building  structure  instrumented  with 
microphones,  strain  gauges,  and  accelerometers  was 
subjected  to  sonic  booms.  The  significance  of 
variables  such  as  aircraft  Mach  number,  altitude, 
and  flight  direction  is  discussed.  Included  ir.  the 
discussion  are  shock  wave  pressure  loading  time 
histories  and  the  associated  transient  responses  of 
various  building  components.  The  measured  stress 
levels  associated  with  the  range  of  sonic  boom  over¬ 
pressures  estimated  for  routine  military  and  commer¬ 
cial  operations  are  noted  to  be  relatively  small  as 
compared  to  the  design  stresses  of  the  building.  It 
is  also  noted  that  they  may  be  of  the  same  order  of 
magnitude  as  those  associated  with  such  everyday 
occurrences  as  door  slamming. 
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SONIC  BOOM  EFFECTS  ON  LIGHT  AIRCRAFT,  HELICOPTERS 
AND  GROUND  STRUCTURES 
Office  of  SST  Dev.  F.A.A. 

J.  K.  Power 

for  Presentation  American  Society  for  Testing  and 
Materials,  June  25,  1964 

This  paper  reviews  the  results  of  two  different 
investigations  conducted  to  determine  the  effects 
of  sonic  booms  on  light  aircraft,  helicopters,  and 
ground  structures.  These  investigations  were: 

(1)  the  measurements  of  the  response  of  light  air¬ 
craft  and  helicopters  to  sonic  booms  as  reported  by 
Maglieri  and  Morris  (see  capsule  summary  SR-4),  and 

(2)  the  Oklahoma  City  flight  teat  program  (see 
capsule  summary  SR-12). 

The  following  conclusions  were  reached  as  a  result 
of  the  Oklahoma  City  program: 

1.  The  deflection  of  the  main  structural  elements 
resulting  from  the  booms  was  negligible. 

2.  No  wooden  structural  member  of  the  test  house 
bad  been  stressed  beyond  an  increment  of 
approximately  29  PSI  beyond  static  condition. 
Permissible  working  stress  is  about  1,100  PSI. 

3.  The  closing  of  the  garage  door,  the  front  door, 
or  raising  the  attic  stairs  in  the  garage  can 
cause  strains  (stresses)  'n  key  structural 
members  equal  to  those  caused  by  the  sonic 
booms, 

4.  The  natural  frequencies  of  all  instrumented 
structural  elements  can  easily  be  measured  from 
the  strain  records,  and  may  be  used  to  deter¬ 
mine  cumulative  effects,  if  any. 

5.  As  expected,  the  strains  and  accelerations 
recorded  were  generally  less  for  the  .68  psf 
boom  than  for  the  .96  psf  and  1.93  psf  booms, 
but  not  in  every  case. 

6.  The  reverberation  times  of  some  elements  in  the 
houses  were  as  long  as  several  seconds. 

7.  The  overpressures  resulting  from  the  Oklahoma 
City  flight  tests  did  not  cause  breakage  of 
good  quality,  properly  installed  window  glass. 
However,  these  overpressures  may  have  the 
capability  of  triggering  cracking  or  breaking 
glass  that  contained  residual  stresses  induced 
by  improper  installation,  building  settlement, 
previous  damage,  or  poor  quality. 

8.  The  overpressures  may  have  the  capability  of 
triggering  plaster  cracking  within  a  stressed 
portion  of  plaster. 

9.  The  overpressures  of  the  magnitude  encount¬ 
ered  in  the  test  flights  (<  2  psf)  were  not 
of  sufficient  magnitude  to  cause  primary 
structural  damage  to  well-constructed  and 
well-maintained  buildings. 
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10,  No  damage  occurred  to  any  furnishings, 
appliances,  or  any  other  object  in  the  four 
test  houses. 

11.  The  flight  test  program  to  study  light  air¬ 
plane  responses  indicated  that  exposure  to 
sonic  boom  of  1.0  -  16.0  psf  resulted  in  a 
pilot  reflex  generally  limited  to  an  eye 
blink.  These  overpressures  did  not  in  any 
way  significantly  affect  the  aircraft  con¬ 
trol,  structure,  displays,  or  pilot's 
observable  reaction. 

This  is  a  good  summary  of  the  state  of  knowledge 
as  of  1964  concerning  the  effects  of  sonic  booms 
on  structures. 

SR-7 

EFFECTS  OF  SONIC  BOOM  AND  OTHER  SHOCK  WAVES  ON 

BUILDINGS 

W.  H.  Mayes  and  P.  M.  Edge,  Jr. 

Materials  Retcarch  &  Standards,  'Vol.  4,  No.  11, 

Nov.  1964,  pp.  588-593 

This  paper  presents  some  response  data  for  a 
building  exposed  to  sonic  booms  and  other 
types  of  excitation.  Several  supersonic  flights 
were  made  over  an  instrumented  building  which  had 
a  flat  roof  and  dimensions  of  approximately 
20  by  40  by  10  feet.  The  range  of  sonic  boom 
exposures  was  0-3  psf.  The  same  building  was 
exposed  to  loadings  from  various  explosive  char¬ 
ges  about  1/4  mile  away  and  also  to  acoustic 
loading  during  the  launch  of  a  rocket  (100,000-lb 
thrust)  about  1/2  mile  away. 


The  figure  below  shows  the  peak  values  of  the 
measured  strains  in  a  vertical  stud  due  to 
various  types  of  loading.  Peak  stress  values 
are  shown  for  sonic  boom  overpressures  from 
0.3  -  3  psf,  and  the  maximum  stress  is  about 
60  psi.  This  is  stated  to  be  small  compared 
to  the  design  live-load  stresses  for  the  build¬ 
ing.  It  is  of  the  same  order  of  magnitude  as 
the  stress  induced  by  such  a  common  occurrence 
as  door  closing.  Also  shown  are  data  for  the 
explosive  charge  and  rocket  noise  loadings. 

It  is  tentatively  concluded  from  these  results 
that  there  should  be  no  concern  for  damage  to 
primary  structures  due  to  sonic  boom  pressures 
in  the  range  shown. 


The  figure  below  shows  the  strain-time  histories 
for  a  rafter,  a  vertical  stud,  and  a  small  win¬ 
dow  due  to  excitation  by  the  pressure  signature 
Illustrated  at  the  top.  It  can  be  seen  that  the 
transient  responses  last  for  a  longer  period  of 
time  than  the  sonic  boom  pressure  signature  and 
each  has  <*s  own  characteristic  response.  In 
the  case  of  the  rafter  trace  the  maximum  peak 
strain  value  did  not  occur  during  the  initial 
onset  of  load.  In  this  case,  the  negative  pres¬ 
sure  peak  of  the  sonic  boom  arrived  in  phase 
with  the  motion  of  the  rafter  and  thus  resulted 
in  an  increased  strain.  However,  in  the  case  of 
the  stud  the  opposite  effect  occurred,  and  the 
resulting  strains  were  relatively  less.  Thus  the 
transient  strain  responses  of  each  component  of 
the  building  structure  depends  on  its  own  vibra¬ 
tion  characteristics  and  on  the  type  of  loading. 


SONIC  BOOM  PREISURC 


Peak  ten  leal  stud  strata  a  a  fum  turn  of  peak  overpressure 
for  various  types  oj  excitation 


The  above  conclusion  is  consistent  with  Air  Force 
records  of  damage  complaints  due  to  sonic  booms 
as  shown  in  the  figure  below,  which  was  taken 
from  this  paper.  This  figure  shows  that  the 
reported  damage  refers  directly  to  the  second¬ 
ary  structure  of  the  building,  and  in  particu¬ 
lar  to  brittle  surfacings  for  which  the  primary 
failure  mode  is  tension  in  the  surface. 


plaster 

cracks 

broken 

WINDOWS 


masonry 
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Classification  of  about  MHH)  complaints  due  to  some  booms  js  recorded  in 
Aw  Force  File 


The  conclusions  reached  in  this  investigation 
agree  with  those  readied  in  the  more  extensive 
Oklahoma  City  sonic  boom  tests  (see  capsule 
summiry  SR— 12) . 


Sample  strain-lime  histories  for  components  of  a  buiktin$ 
exposed  to  sonic  boom 
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RESPONSE  OP  CLASS  IN  WINDOWS  TO  SONIC  BOOMS 
R.  W.  McKinley 

Materials  Reaearch  &  Standards,  Vol.  4,  No.  11, 
November  1964,  pp,  594-600 

The  response  of  window  panes  to  sonic  booms  is 
treated  in  this  paper.  Most  of  the  discussion  is 
centered  around  relating  the  loading  on  the  glass 
to  the  thickness  required  for  a  given  breakage 
safety  factor.  The  figure  below,  which  was  taken 
from  this  paper,  but  which  is  based  on  the  work 
of  L.  Orr  ("Engineering  Properties  of  Class," 
BR1-NAS-NRC  Publication  478,  Bldg.  Research  Inst., 
KAS-NRC,  1957),  shows  the  recommended  thickness 
(in  inches)  of  plate  and  window  glass  to  resist 
sonic  boom  pressures.  The  safety  factor  of  2.5 
means  that  the  probable  number  of  panes  which  will 
break  at  initial  occurrence  of  design  load  for 
each  1,000  loaded  is  8. 


7  3  4  5  S  S  10  15  20  30 

•SOON 06  FtX  SQUASH  FOOT 

Recommended  thickness  of  plate  mid  window  glass  to 
resist  sonic  boom  pressures 

In  a  later  paper  (see  capsule  summary  SR-21) 
Wiggins  presents  a  chart  similar  to  the  one  above. 
The  results  of  that  chart  are  much  more  conserv¬ 
ative  than  for  the  chart  above  because  Wiggins 
based  hia  chart  on  a  predicted  or  measured  average 
ground  overpressure  that  took  into  account  the 
variability  in  overpressure  that  can  arise  from 
a  given  aircraft  flying  at  a  given  altitude.  The 
maximum  overpressure  within  three  standard  devia¬ 
tions  of  the  mean  overpressure  was  chosen  as  the 
standard.  The  resutt  is  that  Wiggins'  chart 
gives  overpressure  levels  for  which  there  is  only 
a  1/100,000  chance  that  damage  could  occur,  as 
compared  to  8/1000  for  the  present  chart, 

SR-9 

MEASURING  THE  SONIC  BOOM  AND  ITS  EFFECT  ON  BUILDINGS 

C.  W.  Newberry 

Materials  Research  6  Standards,  Vol.  4,  No.  11, 

November  1964,  pp.  601-611 

In  this  flight  test  experiment  an  English  Fairey 
Delta  was  used  to  generate  sonic  booms  having 
Intensities  between  2  and  5  psf.  The  roofs  and 
walls  of  two  buildings  instrumented  with  acceler¬ 
ometers  and  shock  pressure  gauges  were  subjected 
to  the  sonic  booms.  One  of  these  buildings  was 
quite  old,  though  apparently  structurally  sound. 
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The  other  was  fairly  new  and  in  good  condition. 
The  object  of  these  tests  was  to  correlate  the 
parameters  of  a  sonic  boom  with  the  vibration 
effect  on  e  building  and  at  the  same  time  to 
measure  the  maximum  shock  pressure  to  which  the 
building  might  have  been  subjected  had  it  been  at 
the  focus  of  the  boom.  The  latter  objective  was 
not  achieved,  however,  since  the  focused  shock 
pressure  eluded  measurement. 


The  following  ’  itative  conclusions  were  reached 
as  a  result  of  this  investigstion: 


1.  Sonic  boom  pressures  of  about  5  psf  pro¬ 
duced  accelerations  of  about  1.0  g  in  a 
typical  slated  roof  and  about  0.6  g  in  a 
heavy  tiled  roof.  The  former  is  approach¬ 
ing  the  condition  at  which  rattling  of  the 
slates  might  occur.' 

2.  Resonances  can  occur  between  the  sonic  boom 
impulses  and  a  typical  house  structure. 

This  increases  the  vibration  beyond  what 
would  ensue  from  a  simple  shock  at  a  com¬ 
parable  pressure.  These  resonances  are  not 
likely  to  be  severe  except  possibly  at  a  f. . 
discrete  points  in  the  boom  area.  The  prob¬ 
ability  of  damage  in  country  areas  is, 
therefore,  quite  small,  since  the  chance  that 
one  of  these  discrete  points  in  the  boom 
area  will  coincide  with  a  building  is  small. 


3.  Should  a  focusing  boom  of  the  type  produced 
in  these  tests  impinge  on  an  extensive 
built-up  ares,  the  probability  of  a  coinci¬ 
dence  between  the  focus  zone  and  a  building, 
or  between  an  optimum  resonance  point  and 
a  building  is  very  high,  if  not  a  certainty. 
It  would  appear  that  some  damage  might  be 
expected,  particularly  to  roofs. 

The  overpressures  Involved  in  the  present  investi¬ 
gation  were  slightly  larger  than  those  of  the 
Oklahoma  City  sonic  boom  tests  (see  capsule  sum¬ 
mary  SR-12)  or  the  investigation  reported  by 
Mayes  and  Edge  (see  capsule  summary  SR-7).  How¬ 
ever,  since  the  present  investigation  was  not  as 
extensive  as  the  other  two  (in  particular  the 
Oklahoma  City  tests),  it  is  not  possible  to  deter¬ 
mine  the  difference  between  structural  response 
at  the  higher  overpressures  and  that  at  the  lower 
overpressures. 

SR- 10 

SOME  RESULTS  OF  THE  OKLAHOMA  CITY  SONIC  BOOM  TESTS 

J.  K.  Power 

Materials  Research  6  Standards,  Vol.  4,  No.  11, 

November  1964,  pp.  617-623 

This  papsr  is  s  modified  version  of  the  paper 
summarized  in  capsule  summary  SR-6,  The  present 
paper  discusses  only  the  results  of  the  Oklahoma 
City  sonic  boom  tests  and  not  the  effects  of  sonic 
booms  on  light  aircraft  and  helicopters.  The 
reader  is  referred  to  the  .apcule  summary  of  the 
eerlier  peper  for  a  discussion  of  significant  find¬ 
ings. 
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DAMAGE  TO  OTTAWA  AIR  TERM  IN/.1.  :  vlLOr-"'  PRODUCED  BY  '  5 

A  SONIC  BOOM  f  \ 

W.  A.  Ramsay  4  i 

Materials  Research  &  Standards,  November  1964,  3 

pp.  612-616  j  I 
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This  paper  discusses  the  damage  caused  to  the 
Ottawa  air  terminal  building  on  August  5,  1959, 
when  an  F-104  fighter  sade  a  low  altitude  flight 
over  the  building  and  accidentally  exceeded  the 
speed  of  sound.  The  altitude  of  the  plane  wee 
about  500  feet  when  it  passed  over  the  building. 
Construction'  of  the  building  was  98  percent 
completed  at  the  time  of  the  incident. 

The  cost  of  repairs  to  the  Canadian  government 
was  about  $300,000,  of  which  glass,  curtain 
wall,  and  associated  work  cost  $180,000.  The 
following  conclusions  were  reached  regarding  the 
observed  damages: 

1.  Smaller  glass  panes  suffered  leest  deaage. 

2.  Rooms  open  to  the  outside  air  were  leas 
susceptible  to  dsaege. 

3.  Shielding  reduced  dsmage. 

4.  Stsnderd  built-up  type  roofing  wss  sus¬ 
ceptible  to  damage. 

5.  There  was  no  apparent  dsmage  to  floors, 
marble  wall  facings,  metal  partitions, 
doors,  hardware,  or  plumbing. 

Due  to  the  fact  that  this  waa  an  accident  there 
were,  of  course,  no  overpressure  measurements 
available.  However,  due  to  the  extremely  low 
altitude  of  the  plane,  the  overpressure  levels 
were  probably  in  excess  of  150  psf.  Hence  the 
damage  levels  of  this  Incident  are  much  greater 
than  any  that  would  ever  occur  due  to  an  airplane 
flying  at  normal  altitudes. 

SR-12 

FINAL  REPORT  STRUCTURAL  RESPONSE  TO  SONIC  BOOMS 
Office  of  Deputy  Administrator  for  SST  Dev.  F.A.A., 
Washington,  D.  C.,  SST  65-1,  Vol.  1,  AD  610822, 
February  1965 

The  purpose  of  this  report  is  lo  document  and 
report  on  the  results  of  a  study  of  the  struc¬ 
tural  response  of  some  typical  residential 
structures  in  a  typical  community  to  an  extended 
series  of  controlled  sonic  booms  which  varied  in 
magnitude  between  0  and  3.5  psf.  The  39-week 
test  program  was  conducted  in  Oklahoma  City  and 
consisted  of  twenty-six  weeks  of  eight  daily, 
controlled  sonic  booms,  followed  by  thirteen 
weeks  of  observation  and  inspection  of  the  struc¬ 
tures  to  determine  the  rate  of  normal  deteri¬ 
oration  as  compared  to  the  rate  of  deterioration 
found  during  the  26-week  aonic  boom  period. 

The  test  structures  consisted  of  a  total  of 
eleven  typical  types  of  residential  structures, 
eight  of  which  were  located  within  five  miles  of 
the  regular  flight  path,  one  cf  which  was  located 
ten  miles  from  the  flight  path,  and  the  remaining 
two  located  about  twenty-five  miles  from  the 
flight  path  at  Norman,  Oklahoma,  which  was  btyond 
the  sonic  ! oc*  area.  Each  of  chase  residences 
was  instrumented  with  strain  gegus  end  acceler¬ 
ometers  at  various  strategic  locations,  such  as 
windows,  ceiling  Joints,  wall  stu^n,  doors,  etc. 

Total  defects  found  during  the  13-week  inspection 
period,  after  the  booms  had  ended,  were  consider¬ 
ably  less  than  the  defects  found  during  the  26- 


weck  boom  period,  as  would  be  expected  since  the 
inspection  period  was  only  half  the  sonic  boom 
time  period.  However,  in  Teat  Houses  1,  2,  3,  and 
4,  which  were  all  located  within  five  miles  of  the 
flight  track,  the  total  interior  defects  were  more 
than  twice  as  great  for  the  26-week  sonic  boom 
period  as  for  the  13-week  inspection  period. 
Specifically,  Teat  House  No.  1  had  a  total  of  282 
interior  defects  during  the  26-week  boom  period, 
but  only  a  total  of  99  found  for  the  13-week 
inspection  period  (a  ratio  of  almost  three  to  one) 
Test  House  No.  2  had  comparable  totals  of  261  and 
56,  respectively,  for  the  two  periods  (a  ratio  of 
4-1/2  to  1) ;  Test  House  No.  3  hod  comparable  tot¬ 
als  of  432  end  77,  respectively,  for  the  two  per¬ 
iods  (a  ratio  of  about  5-1/2  to  1);  and  Test  House 
No.  4  had  comparable  totals  of  509  to  134,  re¬ 
spectively,  for  the  two  periods  (a  ratio  of  about 
4  to  1).  it  was  found  that  in  each  of  these  four 
houaee  the  rate  of  paint  cracking  and  miscellan¬ 
eous  defects  declined  more  rapidly  than  did  the 
race  of  nail  popping.  For  example,  the  282  inter¬ 
ior  defects  found  in  Test  House  No.  1  for  the 
boom  period  were  about  evenly  divided  between 
popped  nail  heads  and  the  other  defects,  but  dur¬ 
ing  the  nou-boom  period,  popped  nails  represent 
75S  of  the  total  of  99  defects  found. 

The  following  conclusions  were  reached  as  a  result 
of  the  observations  made  during  this  investiga¬ 
tion: 

1.  Conclusive  evidence  of  significant  damage  to 
the  test  houses  was  not  produced  by  this 
investigation.  However,  the  significant 
Increase  in  occurrence  of  minor  paint  crack¬ 
ing  over  nail  heads  and  in  corners  in  two 

of  the  teat  houses  during  the  sonic  boom 
period  suggests  chat  sonic  booms  accelerated 
this  rather  minor  deterioration. 

2.  Controlled  sonic  booms  of  the  magnitude  and 
type  produced  In  this  program  constitute  a 
potential  hazard  to  an  Indeterminate  number 
of  sub-standard  or  Improperly  installed 
glass  installations. 

3.  Maximum  free  ground  overpressure  alone  is 
of  little  value  in  making  structural  re¬ 
sponse  calculations  since  the  shape  of  the 
wave,  and  the  length  of  the  wave  acting  on 
the  structure,  plus  the  natural  frequency 
of  the  structural  element  must  be  taken 
into  consideration. 

4.  For  a  given  aircraft  producing  N-wava*  of 
constant  length,  the  impulse  of  the  wave 
can  be  more  closely  correlated  with  some 
structural  responses  than  can  overpressure. 
However,  impulses  from  one  aircrert  should 
not  be  directly  compared  with  impulses  pro¬ 
duced  by  a  dissimilar  aircraft  for  p  .rposes 
of  structural  response  . 

5.  For  purposes  ef  :  .  ’uctural  rcspous*,  Je p«lre 
measurement  nhould  include  both  positive  .Uid 
negative  phase  portions  a!  the  sonic  bam 
signature. 
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Several  earlier  investigation*  were  conducted 
concerning  the  response  of  buildings  to  sonic 
boons  (see  capsule  ■  usuries  SR-7  and  SR-9) ,  how¬ 
ever  none  of  these  were  as  extensive  as  the  pre¬ 
sent  Investigation.  A  very  extensive  investiga¬ 
tion  of  structural  response  to  sonic  boosts  was  con¬ 
ducted  at  White  Sands,  New  Mexico  in  1965.  That 
test,  while  just  as  extensive  as  the  present  one, 
had  a  different  purpose.  The  purpose  of  the 
present  test  was  to  determine  the  rate  of  deter¬ 
ioration  found  during  the  26-veek  sonic  boost 
period,  while  the  purpose  of  the  White  Sands 
experiment  was  to  determine  sonic  boos  overpres¬ 
sure  damage  index  levels  associated  with  various 
types  of  structural  materials. 

The  Edwards  Air  Force  Base  sonic  boom  experiments 
(see  capsule  summary  SR-39)  had  overpressures  in 
the  2-3  psf  range.  The  general  objective  of  the 
structural  response  portion  of  that  experiment 
was  to  determine  the  response  of  typicsl  structures 
to  sonic  booms  having  different  signature  charac¬ 
teristics  in  addition  to  making  an  evaluation  of 
the  damage  resulting  from  the  overflights  of  the 
XB-70,  B-58,  and  F-104.  That  experiment,  along 
with  the  present  one  anu  the  White  Sands  tests, 
are  the  most  extensive  that  have  been  conducted 
concerning  structural  response  to  sonic  booms. 

SR-13 

FINAL  REPORT  STRUCTURAL  RESPONSE  TO  SONIC  BOOMS 
Office  of  Deputy  Administrator  for  SST  Dev.  F.A.A., 
Washington,  D.  C.,  SST  65-1,  Vol.  2-Appendix, 

AD  610823,  February  1965 

Volume  1  of  this  report  (see  capsule  summary  SR-12) 
presents  the  results  of  a  study  of  the  structural 
response  of  some  typical  residential  structures 
in  Oklahoma  City,  Oklahoma  to  an  extended  series 
of  controlled  sonic  booms.  That  volume  discusses 
details  of  the  test  houses,  instrumentation,  test 
flights,  results,  and  conclusions  reached.  The 
present  volume  consists  of  the  appendix  to  Volume  » 
1.  it  contains  additional  details  concerning  the 
house  Inspection  program,  tabulations  of  the 
measured  dynamic  responses  of  the  various  struc¬ 
tural  slashes,  and  weekly  suamaries  of  over¬ 
pressure, 

SR-14 

ClAliT  SONIC  BOOM  CAUSES  ONLY  MINOR  DAMAGE  TO  HOUSES 
E.  C.  Shumas 

Materials  Research  5  Standards,  Vol.  5,  No.  2, 

February  1965,  pp.  79-80 

This  (s  a  brief  article  describing  the  damage 
that  occurred  as  s  result  of  an  accidental  sonic 
boom  of  38  psf.  The  incident  occurred  st  the 
White  Sands  Missile  Range  in  New  Mexico  on  Dec.  2, 
1964  during  a  sonic  boom  demonstration  for  the 
press  and  other  Interested  persons.  The  incident 
resulted  from  a  low-level  pass  of  an  F-104,  made 
at  the  request  of  photographers,  during  which  the 
pilot  unintentionally  exceeded  the  speed  of  sound. 

The  following  damage  resulted  from  this  intense 
sonic  boon; 

1.  Two  plate  glaa*  windows  were  shettered. 

Thee*  were  each  about  8  by  10  feet  and  only 
7/32  ia,  thick,  Thef  wae  no  evidence  of 
large  pieces  of  glass  flying  any  distance, 
d  the  seoli  piece*  lay  in  approximately 
ia  1  piles  inside  and  outside  the  building. 


2. 


About  15  panes  in  a  greenhouse  were 
•battered. 


This  incident  ia  also  discussed  in  the  report 
covering  the  sonic  boom  teats  at  White  Sands, 

New  Mexico  (see  capsule  summary  SR-16). 

SR-15 

TEST  SUPPORT  TO  F.A.A.  SONIC  BOOM  TEST  NEW  MEXICO 

M.  Adams,  R.  McMullln 

Boeing  Document  D6-1748S,  Merch  1965 

The  Boeing  Company  supplied  instrumentation 
engineers  and  equipment  for  test  operations  in 
New  Mexico  during  the  January-Fsbruary  1965  time 
period.  These  tests  were  conducted  by  the  Federal 
Aviation  Agency  in  conjunction  with  the  National 
Sonic  Boom  Structural  Response  Program. 

This  report  presents  the  test  operations  and 
details  of  the  instrumentation  systems.  Six 
pressure  measuring  systems  plus  a  direct  read-out 
oscillograph  were  installed  by  Boeing  at  the 
teat  site.  Sonic  booms  were  generated  by  F-104 
and  B-59  aircraft  flying  at  specified. Mach  numbers, 
altitudes,  and  flight  headings  over  the  test  site. 
Of  the  total  878  booms  produced,  Boeing  partici¬ 
pated  in  754  and  averaged  991  recordings. 

Representative  samples  of  the  oscillograph  data 
traces  are  included  in  this  report.  Analysis  and 
Interpretation  of  these  data  were  not  within  the 
scope  of  this  report. 

SR-16 

STRUCTURAL  REACTION  PROGRAM  NATIONAL  SONIC  BOW 

STUDY  PROJECT 

John  A.  Blumc  &  Associates  Research  Div. ,  SST  Dev., 

F.A.A. ,  Report  No.  SST  65-15,  Vol.  1,  April  1965 

This  report  presents  the  results  of  a  study  of 
the  effects  of  aonic  boom  at  varying  levels  of 
overpressure  on  selected  structures  and  materials 
conducted  at  the  White  Sands  Missile  Range, 

New  Mexico,  from  November  18,  1964,  through 
February  15,  1965.  The  primary  over-all  objective 
of  the  study  was  a  determination  of  sonic  boom 
overpressure  damage  index  levels  associated  with 
various  types  of  structural  material  auch  as 
plaster,  glass,  and  masonry, 

P-104  end  B-58  aircraft  were  used  to  generate 
1433  se-i  6i  bests,  respectively.  The  daily  flight 
schedule  provided,  in  aost  eases,  for  30  runs 
during  a  six-hour  period.  Scheduled  sonic  boon 
overpressures  ranged  from  1.6  to  19.0  pounds  per 
square  foot.  The  maximum  overpressure  recorded 
during  scheduled  study  operations  was  23.4  psf. 

An  unscheduled  boom  of  approximately  38.Q  paf  was 
flown  during  a  demonstration  for  msifcer*  of  the 
preaa. 

Sonic  booms  and  structural-material  reactions 
were  measured  with  various  instrument*.  Acceler¬ 
ometers,  velocity  transducers,  seismometers, 
strain  gages,  pressure  transducers  of  two  types, 
and  scratch  gages  were  used. 

The  structural  test  area  included  21  structures 
varying  in  design,  construction,  and  age.  Nine 
of  these  comprised  the  range  camp  prior  to  the 
program.  Seven  were  constructed  fer  the  study, 
and  five  ware  old  raneh  houses  or  rang#  structures 
within  the  boom  area. 
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The  following  conclusions  were  reached  sc  s 
result  of  this  study; 

1.  The  direction  of  boo*  weve  propagation  in 
relation  to  the  orientation  of  a  structure 
or  element  therein  is  very  important  to  its 
resction.  For  exaaple,  boons  traveling 
directly  into  a  window  cause  the  window  to 
react  nore  violently  than  do  boons  travel¬ 
ing  away  fro*  the  window. 

2.  The  peak  pressure  and  signature  of  a  boon 
recorded  by  a  Microphone  at  the  center  of 
an  outside  wall  in  general  represents  the 
peak  loading  on  the  entire  wall  surface. 

3.  The  peak  pressure  recorded  on  an  exterior 
wall  surface  is  Influenced  by  the  wall  rigid¬ 
ity.  The  stlffer  the  wall,  the  higher  the 
pressure. 

A.  Reflecting  surfaces  such  as  billboards  or 
houses  placed  beyond  IS  feet  fron  an  exter¬ 
nal  house  wall  do  not  significantly  nodlfy 
the  peek  boon  pressure  applied  to  the  wall. 
Depending  on  orientation  of  the  wall  and 
the  reflecting  surface  with  respect  to  the 
aircraft  vector,  an  increase  in  peek  pres¬ 
sure  can  be  expected  when  the  reflecting 
surface  is  closer  than  IS  feet  fron  the 
wall.  The  magnitude  of  the  increase  was 
not  precisely  known. 

5.  Boom-caused  cracks,  other  than  those  caused 
by  the  highest  overpressures,  were  found  to 
be  hairline  in  size  and  could  be  detected 
only  on  very  close  examination.  This  re¬ 
sulted  from  the  fact  that  virtually  no  per¬ 
manent  distortion  of  the  buildings  was 
caused  by  booms  of  strength  lower  than 
about  2 A  paf. 

6.  Motion  oi  the  frame  holding  a  window  does 
not  significantly  influence  the  response  of 
large  windows  framed  by  stud  vails. 

7.  The  average  transmiaslbility  of  large 
windows  (S'  x  10'),  defined  as  the  ratio  of 
peek  inside  to  outside  pressure,  can  vary 
between  0.3  (boom  wave  directed  into  window) 
and  1.0  (boom  wave  directed  away  from  win¬ 
dow). 

8.  The  transmisaibility  of  a  room  appears  to 
be  governed  nore  by  the  size  of  the  windows 
walling  the  room  than  by  room  volume. 
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13.  To  study  the  cumulative  effects  of  repes..ed 
sonic  booms,  680  successive  flights  at  a 
scheduled  overpressure  of  5-0  paf  were 
generated  by  B-58  and  F-10A  aircraft  during 
one  period  of  the  study.  Mo  damage  to 
previously  undamaged  material  was  identi¬ 
fied  during  this  period.  Faint  chipped  at 
the  edges  of  e  previously  damaged  ceiling, 
and  s  badly  p re-cracked  window  was  damaged 
further.  However,  the  additional  damage  in 
both  of  those  cases  was  judged  to  be  the 
result  of  sonic  booms  that  exceeded  minimum 
dosage  index  levels  rather  than  cumulative 
effect.  Mo  plaster  cracks  or  crack  exten¬ 
sions  were  observed  as  a  result  of  the  suc¬ 
cession  of  3.0  psf  booms.  Neither  nail 
popping  nor  motion  damage  to  bric-a-brac  or 
other  lightweight  furnishings  occurred 
during  this  period.* 

1A.  Bricks  on  the  sill  below  the  picture  window 
In  the  two-story  structure  were  cracked  by 
the  38.0  psf  sonic  boom.  This  was  apparent¬ 
ly  caused  by  the  window  flexing  outward 
after  being  pushed  inward  by  the  boom  over¬ 
pressure  (the  glass  was  not  damaged).  No 
other  brick  damage  could  be  attributed  to 
the  programmed  booms. 


In  addition  to  the  above  conclusions,  damage 
index  levels  for  the  following  categories  were 
established  and  are  contained  in  the  report: 
plaster  on  wood  lath,  plaster  on  metal  lathe, 
plaster  on  concrete  block,  plaster  an  gypsum 
lathe,  new  gypsum  board,  and  nail  popping  in 
new  gypsum  board. 

The  Oklahoma  City  sonic  boom  tests  (see  capsule 
suanary  SR-12),  while  just  as  extensive  as  those 
of  the  present  Investigation,  had  a  different 
purpose.  The  purpose  of  tlios,-  tents  was  to  deter¬ 
mine  the  rate  of  normal  deterioration  as  compared 
to  the  rate  of  deterioration  found  during  the 
26-week  sonic  boom  period,  while  the  purpose  of 
the  present  investigation  was  to  determine  sonic 
boom  overpressure,  damage  index  levels  associated 
with  various  types  of  structural  materials.  As  a 
result,  the  overpressures  to  which  the  buildings 
were  subjected  tn  the  pr  lent  lnvescigtiion  were 
much  higher  than  'hose -of  the  Oklahoma  City  sonic 
boom  tests.  Thus  the  results  of  these  two  investi¬ 
gations,  which,  along  with  the  Edwards  Air  Force 
Base  sonic  boon  experiments  (see  capsule  sundry 
SR-39) ,  are  the  most  extensive  that  have  been 
conducted  concerning  structural  response  to  sonic 
booms,  complement  each  other. 
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9.  Booms  cause  exterior  walls  to  move  more 
than  interior  walla  in  the  bellows  mode  of 
vibration. 

10.  Winds  do  not  have  s  stron,  influence  on 
boom  strength. 

11.  The  average  ground  reflectivity  coefficient 
is  very  nearly  2.0. 

12.  Sheer  distortion  father  Chan  tyllows  dis¬ 
tortion  governs  the  r-lr. damage  lnd..-x 
level  for  walls  in  houses  os  the  size  used 
in  the  test.  Bellows.  dfutortion  nay  govern 
wall  damage  for  Target  houses,  out  the 
associated  minimus  damage  i&it*  level  for 
the  larger  houses  could  bo  higher  tnau  that 
observed  in  these  tests. 


SR-  n 

STRUCTURAL  REACTION  PROGRAM  NATIONAL  SONIC  BOOM 
STUDV  PROJECT 

loUn  A.  hiume  A  Associates  Research  Div, ,  San 
Francisco,  Calif.,  SST  Dec.  F.A.A.,  Report  No.  FST- 
63-15,  Vol,  2,  April  1963 

The  first  volume  of  twin  report  (see  capsule 
summax'y  !>R~16'»  presents  the  results  of  a  study 
ei  the  effects  of  sonic  (*■*•«  at  varying  levels 
of  overpressure  or*  selected  structures  and 
materials  conducted  »r  the  White  Sanda  Missile 
Harve,.  U«w  Mexico  tre?  Nowsbef  18,  19nA  through 
r'ebruety  li.  1963.  7M?  volume  contains  the 

appendices  is  Voi^eae  i.  Center t*  include  back¬ 
ground  materiel,  test  structures,  instrumentation, 
and  loading  and  response  date. 


-----  ■"f-rug...- 


SR-18 

STUDIES  OF  SONIC  BOOH  INDUCED  DAMAGE 
Clark,  Buhr  A  Kexsen 
NASA  CR-227,  Hay  1965 

The  results  of  a  study  involving  supersonic  flights 
over  St.  Louis,  Missouri  during  the  periods  of 
Kevenber  6  through  12,  1961  and  January  3  through 
6,  1962  are  presented  in  this  report.  The  phase 
of  the  over-all  test  program  that  is  covered  by 
this  report  constitutes  research  of  typical  sonic 
boon  claims,  investigation  of  alleged  damage  to 
structures  caused  by  the  specific  test  flights, 
and  compilation  and  organization  of  field  data 
into  a  comprehensive  report.  During  the  two  test 
periods  a  total  of  seventeen  supersonic  flights 
were  accomplished  in  a  predesignated  flight 
corridor  by  a  B-S8  boaber  and  an  F-106  fighter. 

The  following  conclusions  were  reached  as  a 
result  of  this  investigation: 

1.  Sonic  boom  overpressures  (0.3  -  2.6  psf) 
generated  by  aircraft  operating  at  the 
speed  (between  M*1 .5  and  M»2.0)  and  altitude 
(31,000  -  41,000  feet)  used  for  the  test 
flights  were  not  of  sufficient  magnitude 

to  cause  structural  damage  to  well  con¬ 
structed  and  well  maintained  buildings. 
Building  components  such  as  glass,  piaster, 
etc. ,  that  tend  to  develop  concentrations 
of  internal  stress  are  subject  to  limited 
damage  caused  by  sonic  boost  triggering 
cracking  of  stressed  areas. 

2.  Poorly  constructed  and  poorly  maintained 
structures  and  structures  experiencing 
deterioration  due  to  age  are  subject  to 
greater  amounts  of  damage. 

3.  Complaints  of  plaster  and  glass  damage 
occurred  most  frequently  both  during  the 
test  flights  and  in  cases  on  file  in  Air 
Force  centers  handling  complaints. 

4.  Sonic  boom  damage  complaints  can  be  expect*- 
to  be  more  numerous  closer  to  the  aircraft 
flight  track  and  to  diminish  with  Increase 
3f  distance  from  the  track.  This  will  hold 
true  if  the  population  density  is  approxi¬ 
mately  evenly  distributed,  and  the  condition 
of  the  buildings  approximately  the  same. 

5.  The  test  flight  results  indicated  that  about 
90  percent  of  all  complaints  in  the  greater 

*  St.  Louis  ares  occurred  within  a  corridor 
of  twelve  miles  on  each  side  of  the  sir- 
craft  flight  track. 


studies  obtained  data  is  to  the  actual  struc¬ 
tural  response  of  varlroc  structural  components 
of  buildings  to  varying  overpressures  by  exten¬ 
sive  instrumentation  of  test  structures.  However, 
the  conclusions  of  the  present  investigation  do 
agree  with  the  conclusions  reached  in  the  corres¬ 
ponding  subject  areas  of  the  later  investigations. 

SR- 19 

A  STUDY  OF  METHODS  FOR  EVALUATING  SONIC  BOOM  EFFECTS 
J,  D.  Re veil,  J,  R.  Thompson 
Lockheed-Californla  Company,  Report  No.  18996, 

July  1,  1965 

Two  methods  for  predicting  and  evaluating  the 
effects  of  sonic  booms  on  people  and  structures 
are  compared  in  this  report.  One  method  utilises 
digital  techniques  to  compute  the  variation  with 
frequency  of  the  power  spectral  density  of  the 
signature  and  yields  results  in  agreement  with 
analytical  Fourier  transform  solutions  for  N-waves. 
The  other  utilizes  conventional  transient  time- 
history  techniques  to  compute  the  maximum  dynamic 
deflection  response  of  a  single-degree-of-freedom 
oscillator  to  the  pressure  signature. 

The  characteristics  of  sonic  boom  effects  as  pre¬ 
dicted  by  the  two  methods  are  shown  to  be  similar 
except  for  the  effect  of  period  length.  The 
spectrum  method  Indicates  that  increase  in  period 
reduces  power  at  frequencies  above  the  funda¬ 
mental,  whereas  the  transient  method  indicates 
that  lncraase  in  period  increases  the  response  at 
frequencies  above  the  fundamental.  The  transient 
analysis  is  considered  to  give  the  theoretically 
correct  result. 

It  is  concluded  that  the  transient  time-history 
method  is  the  more  reliable  of  the  two  methods 
presented.  The  spectrum  method  appeared  to  pro¬ 
vide  valid  comparisons  of  signature  variables 
other  than  length,  however,  and  was  more  con¬ 
venient  to  us*. 

This  !*  s  good  comparison  of  the  two  primary 
ttechods  of  predicting  sonic  boom  effects  of 
•  .tf  structures. 

EFFECT  OF  SONIC  BOOKS  OF  VARYING  0VE8FRESSURES  ON 
SNOW  AVALANCHES 

U,  C.  Li  list’d,  T.  L,  Parrott,  D.  C.  Gallagher 
F.A.A.  Report  No.  SST  65-9,  August  19b 5 

This  report  presents  the  results  of  a  sonic  boost 
study  conducted  during  the  period  Kerch  18-20, 

1965  in  the  Star  Mountain  ares  near  Leedvil.te, 
Colorado,  In  the  Sen  Isabel  National  Forest. 

The  purpose  of  this  study  was  to  determine  the 


6,  The  manner  in  which  the  area  residents  have  affects  of  sonic  boom  overpressures  on  snow 

been  acquainted  with  socle  boom  causation,  avalanches.  A  total  of  18  combined  F-104  and 

its  capability  to  induce  damage,  and  the  F-XOO  runs  were  made  with  measured  overpressure 

responsibility  therefor  will  have  s  bearing  ranging  from  1.5  to  5.2. 

on  the  number  of  complaints  and  eSsl zs-  it, 

be  expected.  Two  avalanches  were  observed  iu  the  general 

ares  of  the  target  during  the  'eat.  One  was 

The  later  sonic  boom  studies  conducted  in  Oklahoma  caused  by  e  high  escl*.jlvt  projectile.  The  cause 

City  and  White  Sands,  New  Mexico  (ace  capsule  of  tt'mr.z*  of  the  other  one  was  unknown.  No 

summery  SR- 12  and  SR- 16,  respectively)  were  much  avalanche  vat  observed  eh  a  direct  effect  of  the 

more  extensive  than  the  present  investigation.  sonic  booms.  Forest  service  personnel  rated  r5*» 

Furthermore,  while  the  present  Investigation  ass  avalaache  hazard  as  "low"  during  the  test  period, 

concerned  only  with  damage  reported  by  the  popu-  resulting  in  a  recommendation  for  further  testa 

lace  of  St.  Louis  during  the  tests,  the  later  outing  periods  of  "high"  avaiefiehe  hazard. 


6.  The  net  loed  on  «  window  (outside  minuo 
inside)  differs  from  the  outside  load.  The 
effective  static  losd  is  lower  then  thst 
computed  fro*  the  outside  losd  only. 

7.  B-58  booms,  when  normalized  to  peek  pressure, 
'  cause  lower  response  of  well  sod  celling 

elements  than  smaller  F-106  or  P-104  air¬ 
craft  i.i  4  out  of  S  tests  of  sample  data 
taken  at  Oklahoma  City  end  White  Sands. 

8.  Inbound  vector  booms  can  stress  windows 

up  to  four  times  as  much  as  trailing  vector 
booms. 

9.  Inbound  vector  booms  can  displace  wells  in 
the  diaphragm  mode  more  than  twice  as  such 
as  trailing  vector  boose. 

10.  Glass  breakage  is  caused  primarily  by  inpact 
against  stress  raisers. 

In  a  later  paper  (see  capsule  summary  SR-35) 

Wiggins  again  summarizes  end  analyzes  the  finding 
of  the  Oklahoma  City  end  White  Sends  sonic  boca 
tests.  The  two  summaries,  although  similar, 
each  trest  certain  subjects  not  covered  in  the 
other.  Both  are  excellent  summaries  of  two  very 
important  sonic  boom  tests, 

SR-22 

RESULTS  OF  USAF-NASA-FAA  FL1CHT  TEST  PRO  M  TO 
STUDY  COMMUNITY  RESPONSE  TO  SONIC  BOOM  V  THE 
ST.  LOUIS  AREA 

Charles  W.  Nixon  and  Harvey  H.  Hubbard 
NASA  TN  D-2705.  1965 

In  this  report  data  are  presented  from  a  aeries 
of  community  reaction  flight-test  experiments  in 
which  the  population  of  St.  Louis,  Missouri  was 
repeatedly  exposed  to  sonic  booms  in  the  range 
of  overpressures  up  to  about  3.1  psf.  Results 
include  those  obtained  from  direct  interviews, 
analysts,  of  cosplaint  files,  and  engineering 
evaluations  of  reported  damage.  These  results 
are  correlated  with  Information  on  aircraft 
operation#  and  sonic  boom  pressure  measurements. 
Only  the  results  concerning  structural  response 
will  be  summarized  here.  For  a  discussion  of  the 
results  concerning  human  response  the  reader  is 
referred  to  capsule  summery  HKSC-15. 

There  were  some  carefully  monitored  special  flights 
during  the  test  period  as  well  as  several  uo- 
monltored  flights  previous  to  the  test  period. 

The* first  flight  was  made  in  July  1961,  end  up  to 
the  time  of  the  community  response  study  at  lsast 
34  flights  were  known  to  have  been  made.  Thirteen 
special  flights  of  8-58  and  F-106  aircraft  wars 
made  in  e  selected  cor  idor  which  passed  along 
the  edge  of  the  main  urban  area  of  greater 
St.  Louis  at  various  times  of  day  and  night  during 
a  six-day  psrlod  beginn. ,g  November  7.  Subsequent 
to  these  special  flights,  29  others  were  known 
to  have  been  made.  Four  of  these,  which  occurred 
on  January  3,  1962  and  January  6,  1962  were  also 
special  flights  at  a  relatively  lower  altitude 
and  with  higher  associated  acnic  boom  pressures. 

A  total  of  76  supersonic  flights  was  thus  known 
to  have  been  made  in  the  eat  area  durirg  a 
7-mcnth  period. 


During  the  special  series  of  16  flights,  a  special 
effort  waa  made  to  evaluate  the  damage  reported  in 
complaints  related  to  these  flights.  The  Scott 
Air  Force  Base  office  personnel  who  were  on  duty 
at  appropriate  times  to  receive  telephone  com¬ 
plaints  worked  closely  with  Investigating  teams 
made  up  of  U.  S.  Air  Force  and  the  contractor's 
investigating  personnel  who,  whenever  possible, 
made  prompt  on-the-spot  investigations  st  all 
sites  from  which  complaints  originated.  In  moet 
cases  these  investigations  were  accomplished 
within  a  few  hours  of  the  time  of  the  flight. 

The  objectives  of  such  prompt  investigation  were 
to  evaluate  the  reported  damage,  to  determine  the 
nature  of  it,  and  to  establish  its  validity. 

The  final  total  number  of  claims  arising  out  of 
thie  time  period  of  operations  in  tne  greater 
St.  Louis  area  was  determined  from  USAF  files 
to  be  1,624  as  of  January  1964.  Several  hundred 
additional  claims  came  in  during  the  ensuing  time 
period  of  about  1-1/2  years.  The  total  value  of 
all  claims  registered  was  $366,019.03.  Of  this 
number,  825  claims  were  approved  for  a  total  of 
$58,648.23  or  an  average  of.  about  $71  each. 

The  following  conclusions  were  reached  ea  a 
result  of  this  investigation: 

1.  Reported  building  damage  waa  superficial 
in  nature,  plaster  and  glass  cracks  being 
most  numerous.  Engineering  evaluations 
showed  that  there  were  contributing  factors 
other  than  sonic  booms  in  many  cases  and 
that  a  large  portion  of  reported  damage 
incidents  were  probably  not  valid. 

2.  Approximately  20  percent  of  the  recorded 
complaints  ultimately  resulted  in  forma: 
claims  for  compensation. 

3.  For  the  range  of  overpressures  0.4  to  2.3 
lb/sq.ft.,  a  maximum  of  0.87  "valid"  damage 
incidents  per  flight  per  million  population 
were  tabulated. 

The  structural  response  result*  of  the  St.  Louis 
sonic  boom  tests  sre  also  discussed  in  the  report 
summarized  in  capsule  turnery  SR-18. 

This  was  the  first  coanunlty  response  flight  test 
program  conducted.  The  later  sonic  boom  studies 
conducted  in  Oklahoma  City  and  White  Sands,  New 
Mexico  (see  capsule  summaries  SR-12  and  SR-16, 
respectively)  were  much  more  extensive  then  the 
present  investigation. 

SR-Z3 

AN  INVESTIGATION  OF  GROUND  SHOCK  EFFECTS  DUE  TO 
RAYLEIGH  WAVES  GENERATED  BY  SONIC  BOOMS 
M.  L.  Baron,  H.  H.  Blslch,  J.  P.  Wright 
NASA  CR-451,  May  1966 

This  report  considers  the  amplification  of  shock 
affects  on  surface  structures  for  the  case  of  an 
elastic  solid  when  the  velocity  of  the  travel¬ 
ing  pressure  wave  is  equal  to,  or  close  to,  the 
velocity  of  Rayleigh  waves  in  the  medium.  The 
analytical  problem  studied  is  the  effect  of  a 
traveling  craacent  shaped  pressure  distribution 
at  points  at  or  near  the  surface  of  an  elastic 
semi-inf inlte  medium  over  which  the  wave  moves. 
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Expressions  are  derived  for  the  steady  state 
vertical  displacements  produced  et  the  surface 
of  an  elastic  half-space  by  a  line  load  of  finite 
length  which  novas  with  a  constant  velocity  in  e 
direction  either  parallel  or  perpendicular  to  its 
length.  These  expressions  are  used  to  cstinete 
the  response  of  structures  to  the  seismic  dis¬ 
turbances  produced  by  a  yonic  boon  which  neves 
at  speeds  close  to  the  spt'ad  of  surface  waves  in 
the  nediua.  Shock  amplification  factor*  for 
the  accelerations  imparted  t'  the  structure  are 
obtained  for  a  range  of  parameters.  The  results 
show  that  the  accelerations  produced  at  these 
speeds  are  generally  quits  snail,  and  that  the 
resonance  peak  which  occurs  whet  the  applied  load 
moves  with  the  surface  wave  speeo  is  extremely 
narrow.  Thus  the  authors  do  not  recommend  con¬ 
tinuation  of  analytical  work  on  sotic  boon  effects 
transmitted  to  structures  by  surface  waves  in  the 
ground. 

Seismic  effects  of  sonic  booms  are  also  investi¬ 
gated  in  the  papers  summarized  in  capsule  sum¬ 
maries  SR-49  and  SR-50. 

SR-24 

DEFINITION  STUDY  OF  THE  EFFECTS  OF  BOOMS  FROM  THE 

SST  ON  STRUCTURES,  PEOPLE,  AND  ANIMALS 

K.  D.  Kryter  4  Staff  (Definition  Study  Croup} 

Stanford  Research  Institute,  Technical  Report  1, 

June  1966 

This  report  presents  a  brief  study  of  the  problems 
related  to  the  effects  upon  structures,  people, 
and  animals  of  sonic  booms  from  overlend  flights 
of  a  commercial  supersonic  transport  and  defines 
further  research  studies  that  might  be  required 
to  resolve  such  problems.  A  summary  of  previous 
results,  including  those  obtained  in  the  Oklahoma 
City  and  White  Sands,  New  Mexico  sonic  boom  tests 
(see  capsule  summaries  SR-12  and  SR-16,  respect¬ 
ively),  is  given. 

The  Definition  Study  Croup  concluded  chat  the 
following  five  research  studiea  should  be  under¬ 
taken  in  order  to  provide  answers  as  scienti¬ 
fically  sound  and  complete  as  possible: 

Study  1  -  Cosemnity  Reaction  Stuiy 

Study  II  -  Edwards  Air  Force  Base  Sonic 
Boom  Experiment 

Study  111  -  Analysis  of  Potential  Costs  of 
Structural  Damage  due  to  SST 
Operations 

Study  IV  -  Study  of  the  Response  of  Animals 
to  Sonic  Booms 

Study  V  -  Experiments  on  the  Audibility  of 
Sonic  Booms  and  Their  Effects  on 
Sleep  and  Startle 

Study  II,  Study  IV,  and  Study  V  were  later 
carried  out  as  recommended  (see  capsule  sum¬ 
maries  SR-39,  «K2,  HJtSC-40,  and  HRSC-53, 
respectively). 

SR-25 

REPORT  ON  DATA  RETRIEVAL  AND  ANALYSIS  OF  USAF  SONIC 
BOOM  CLAIMS  FILES 

C.  A.  Crubb,  J.  E.  VanZandt,  C.  Cur  lone, 
and  C.  A.  Kaeradt 

Stanford  Research  Institute,  Interim  Technical 
Report  2,  July  1966 


The  purpose  of  this  supplementary  study  was  to 
retrieve  certain  data  from  the  USAF  sonic  boom 
damage  files,  the  only  known  complete  source  of 
information  on  sonic  boon  damage  to  structures 
in  four  major  U.  S.  cities  —  Chicago,  Pittsburgh, 
Milwaukee,  and  Oklahoma  City.  One  goel  was  to 
obtain  information  leading  to  definitions  of 
damage  undar  "plate"  and  "racking"  modes,  as  this 
information  was  believed  to  be  a  significant  para¬ 
meter  in  the  analysis  of  structural  response  to 
sonic  booms,  particularly  to  the  correlations 
between  various  types  of  damage  and  certain  types 
of  aircraft  flying  at  supersonic  speeds.  A  re¬ 
view  and  analysis  of  sonic  boom  damage  trends, 
characteristics,  and  relationships  to  specific 
structural  types  was  considered  equally  important . 

The  results  of  this  evaluation  are  shown  in  an 
extensive  series  of  charts,  graphs,  and  curves. 

The  following  are  some  of  ‘the  conclusions  reached: 

1.  Although  the  ratios  of  "total  claims  to 
complaints"  and  "paid  claims  to  adjudica¬ 
tions”  fell  In  a  relatively  consistent 
pattern,  the  latter  ratio  was  much-  lower 
for  Oklahoma  City  than  for  the  other  three 
cities.  Either  the  fighter  aircraft  used 
in  the  Oklahoma  City  tests  did  not  cause  a 
proportionate  amount  of  valid  damage  com¬ 
pare!  with  the  B-58s  in  the  other  areas, 
or  a  nore  stringent  payment  policy  was 
exercised  in  Oklahoma  City. 

2.  Although  $0  percent  of  the  complaints  were 
registered  during  the  period  of  sonic  booms, 
only  50  percent  o!  the  total  number  of 
claimants  actually  filed  a  formal  claim 
during  the  same  period. 

3.  The  predominant  failure  mode  for  glass  is 
plate.  Racking  accounts  for  less  then 
one-tlii.ro  o i  the  glass  failures. 

4.  Plate  yes  the  predomint  *  failure  mode  in 
all  damaged  surfaces  <  -ept  Pittsburgh 
where  excessive  fall!  plaster  caused  a 
reverse  trend. 

The  results  of  the  Oklahoma  City  tests  and  the 
Chicago  testa  are  also  discussed  in  the  papers 
suMnarized  in  capsule  summaries  SR-12  and  SR-29, 
respectively.  The  present  paper  is  the  only 
one  available  which  discusses  sonic  boom  damage 
claims  data  for  Pittsburgh  and  Milwaukee. 

SR-26 

GROUND  MEASUREMENTS  OF  SKOCK-UAVE  PRESSURE  FOR 
FIGHTER  AIRPLANES  FLYING  AT  VERY  LOW  ALTITUDES  AND 
COftUSNTS  ON  ASSOCIATED  RESPONSE  PHENOMENA 
D.  J.  Maglieri,  V.  Huckel,  T.  L.  Parrott 
NASA  IN  D-3443,  July  1966 

This  paper  presents  the  results  of  extensive 
ground  measurements  of  sonic  boom  intensities 
for  two  fighter  airplane*  in  the  Mach  number 
range  of  about  1,05  to  1,16  and  for  altitudes 
from  about  50  to  890  feet.  Comparisons  of  the 
pressure  rises  across  the  shock  wave  measured 
on  the  ground  are  made  with  the  available 
theoretial  data.  These  pressure  data  are 
correlated  with  some  date  on  glass  window 
breakage,  and  brief  discussions  are  also  given 
relative  to  other  associated  phenomena  such  as 
ground  motions  and  response  of  equipment  and 
personnel. 
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The  experimental  setup*  were  located  on  a  dry 
lake  bed  on  the  Las  Vegas  Bombing  and  Gunnery 
Range,  vhicn  is  about  SO  miles  north  of  Las  Vegas, 
Nevada  at  an  altitude  of  3,000  feet.  Window-glass 
models  of  each  of  two  different  window  styles  were 
attached  to  plywood  and  frame  cubicles  and  posi¬ 
tioned  in  the  test  area  u  study  glaea-breakage 
phenomena.  The  plain  windows  contained  glass 
approximately  1/8  of  an  in.  thick  and  approxi¬ 
mately  11  in.  square.  The  colonial  windows 
incorporated  9  panes  of  glass,  each  of  which  wss 
approximately  3/32  of  an  Inch  thick  and  approxi¬ 
mately  11  in.  square.  Standard  wooden  frames  and 
mull Ions  were  used.  The  cubicles  to  which  the 
windows  were  attached  had  volumes  ranging  from 
approximately  16  cubic  feet  to  96  cubic  feet. 

The  results  of  the  window-breakage  experiments 
indicated  that  of  the  219  teats  of  windows, 

51  breakages  actually  occurred  within  the  pressure 
range  of  about  20  to  100  pounds  per  square  foot 
experienced  during  the  tests'.  As  might  be 
expected,  s  higher  percentage  of  failures  generally 
occurred  with  increased  peak  pressure  rise  across 
the  shock  wave.  It  was  also  found  that  the 
detailed  characteristics  of  the  pressure  time 
histories  are  sign ' 'leant.  More  damage  occurred 
for  the  time  histor'es  having  longer  time  dura¬ 
tions  of  the  first  positive  pressure  rise  across 
the  shock  wave.  When  glass  failure  occurred, 
the  fragments  were  noted  to  come  to  rest  at  the 
base  of  the  window  and  in  close  proximity  to  it. 

The  overpressure  levels  involved  in  these  tests 
ware  much  larger  than  those  of  any  other  similar 
tests  that  have  been  conducted.  Thus  the  results 
for  these  high  levels  of  overpressure  complement 
those  of  other  studies,  such  as  the  White  Sands, 

New  Mexico  sonic  boom  tests  (see  capsule  summary 
SK-16). 

58-27 

THL-HETIUL  SllilY  OF  STRUCTURAL  RESPONSE  TC  NEAR- 
rlKi.il  AND  PAR-FIELD  SONIC  BOOMS 
!.  11.  Wiggins,  Jr.  and  Bruce  Kennedy 
Patacratt,  Inc.,  Final  Report,  Contrac*.  So.  AF  9V 
fhl8)-l7/'/,  October  1966 

This  study  investigates  the  difference  in  struc¬ 
tural  response  between  that  due  to  near-field  and 
that  due  to  far-field  sonic  boos  pressure  sig¬ 
natures.  To  do  ho,  it  defines  a  new  intensity 
standard,  effective  static  load  which  depends  on 
load  waveform  as  well  as  magnitude.  Many  sonic 
boom  loading  waveforms  are  computed  for  19  struc¬ 
tural  elements  of  various  types  produced  by  two 
SST  designs  as  well  as  F-104,  B-S8,  and  XB-70 
aircraft. 

The  following  conclusions  were  reached: 

1.  Near-field  Intensities  in  general  are  lower 
than  far-field  intensities.  They  are  lower 
than  those  predicted  by  the  peak  overpressure 
criterion.  Several  factors  combine  to  pro¬ 
duce  the  differences. 

a.  near-field,  free-field  overpressures 
are  lower  than  those  predicted  hy  the 
far-field  theory, 

b.  the  near- fie Id  loading  waves  have  lower 
maximum  loads  than  the  far-field  waves, 
and 


c.  the  dynamic  amplification  factors  are 
slightly  lower. 

In  general,  the  larger  the  variation  in 
waveform  appearance  between  near-  and  far- 
field  theory,  the  lower  the  near-field 
intensity. 

2.  No  significant  differences  of  coefficient 
of  variation  between  near-  and  far-field 
intensities  were  noted. 

3.  Racking  intensities  decrease  Slightly  with 
increasing  size  and  speed  of  airplane. 

9.  Plate  intensities  increase  slightly  with 
increasing  size  and  speed  of  airplane. 

This  was  the  first  investigation  to  specifically 
consider  the  difference  between  structural  re¬ 
sponse  to  near-f leid  sonic  booms  and  structural 
response  to  far-field  sonic  booms. 

■JR-26 

TRANSIENT  RESPONSE  OF  STRUCTURAL  ELEMENTS  TO 
TRAVELING  PRESSURE  WAVES  OF  ARBITRARY  SHAPE 
D.  H.  Cheng  and  J.  E.  Benveniste 
International  Journal  ot  Mechanical  Sciences, 

Vol.  8,  1966,  pp.  607-618 

A  method  for  studying  the  dynamic  response  of 
simple  structural  elements  exposed  to  traveling 
pressure  waves  bavins  arbitrary  wave  shapes  is 
presented.  The  transient  responses  of  simple 
beans  subjected  to  a  uniformly  distributed  pulst- 
and  to  a  point  load  moving  across  the  span  at  a 
constant  speed  is  obtained  using  Fourier  sine 
transforms.  This  is  followed  by  an  analogous 
case  uf  simple  plates  subjected  to  a  uniformly 
distributed  pulse  snd  a  moving  line  load.  For 
pressure  waves  of  arbitrary  shape,  the  structural 
response  is  obtained  by  a  simple  superposition. 

The  study  is  limited  to  the  case  in  which  the 
shock  wave  is  traveling  at  the  resonant  velocity 
of  the  structural  element,  defined  as  v  »  , 

where  w  *  angular  frequency 

a  *  panel  length  In  x-direction  (direction 
of  largest  dimension) 
and  ra  -  mode  number  in  x-direction. 

A»  an  illustrative  example,  an  N-shsped  pressure 
wave  is  used  to  evaluate  the  responses  of  heacs 
and  plates.  It  Is  found  that  for  small  period 
ratio  (duration  of  pressure  wave  to  fundamental 
period  of  structure),  the  maximum  dynamic  ampli¬ 
fication  always  occurs  after  the  wave  has  left 
the  span.  Furthermore,  the  greatest  dynamic 
effect  occurs  when  the  wave  travels  In  the  direc¬ 
tion  of  the  deflection  of  the  structural  element. 
(The  authors  define  the  amplification  factor, 
when  maximum  stress  is  the  quantity  of  most  inter¬ 
est,  as  the  ratio  of  dynamic  to  static  center 
moments,  the  static  moment  being  caused  by  a  uni¬ 
formly  distributed  peak  pressure  over  the  entire 
structure.) 

In  a  later  paper  (sec  capsule  susosary  SR-4U) 
Benveniste  and  Cheng  extend  the  analysis  of  the 
present  paper  to  the  case  of  an  N-wave  acting  on 
a  beam  whose  end  supports  are  pairs  of  springs 
having  a  gap  within  which  the  bram  may  freely 
move,  it  ix  found  that  the  effect  ot  sonic  boom 
on  a  beam  that  rattles  is  much  more  severe  than 
on  one  that  does  not. 
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SR-29 

SONIC  LOOM  MEASUREMENTS  DURING  BOMBER  TRAINING 
OPERATIONS  IN  THE  CHICAGO  AREA 

David  A.  Hilton,  Vera  Huckel,  and  Domenic  J.  Mxglisri 
NASA  TN  D-36SS,  1966 

Ucober  training  operations  wece  conducted  by  the 
Air  Force  in  Chicago,  Illinois  Iron  January  4  to 
March  31,  1965.  This  paper  analyzes  the  aeasured 
s  nic  boons  resulting  from  these  flights  in  order 
to  evaluate  the  effects  of  the  atmosphere.  A 
summary  of  this  as.alysis  is  presented  in  ctpsule 
suaeary  P-62.  The  discussion  here  concerns  e 
table  presented  in  the  appendix  of  this  report 
showing  the  sonic  boots  damage  complaints  and  claims 
received  as  a  result  of  these  flights.  This  table 
is  shewn  below. 


C«tiSory 

Nwdfloarof 

Huntmot 

dam 

WM 

Nvnmwst 

(Set 

ernrema 

C&M* 

33S5 

<.4* 

MM 

t  nm 

2.S64 

673 

>53 

tesoo 

0*1*01  to  WfiKtufW 

as 

>»• 

16 

1.617 

IB 

1 

0 

0 

M*c*4t*>*Ous 

9>S 

397 

tie 

3.764 

total 

?#w 

3.994 

1.4*2 

St  14.763 

*  Thw  Puns  wit  ouvnoHy  ctMitwO  »  pWWcf  d»S«e>.  iMMMt.  veon 
■nmf  sftiion  S»y  m*»  racXavfwd  m  seven*  al  Sssses 

Ikiiutte  it mtpkinti  anJ  clttmt  mated 

I:  can  be  seen  from  ths  table  that  by  far  the 
largest  number  of  dales  and  approved  claims  were 
for  glass  damage.  No  claims  were  approved  for 
fersnnai  injury  and  only  15  were  approved  for 
%i*r--»ge  to  structures.  Thus  for  sonic  bit*  levels 
■n  the  order  of  those  experienced  as  a  result  of 
hese  flights  (-  2  psf),  the  bulk  of  the  sonic 
‘  now  claims  can  be  expected  to  be  for  glass 
■usage. 


,V;<  flCAl.  AND  VIBRATIONAL  STUDIES  RELATING  TO  AN 

OCC!  .1ENCE  Or  SONIC  BOOM  INDUCED  DAMAGE  TO  A  WISDOM 

vi.AS',  IN  A  STORE  FRONT 

Rfrh'j.-a  L  Lowery  and  Don  S.  Andrews 

NASA  CR'O6170,  I960. 


Hence  the  approach  taken  for  tills  study  was  as 
follows: 

1.  Determine  all  significant  physical  character¬ 
istics  and  dimensions  of  the  building. 

2.  Formulate  mathematical  models  of  the  build¬ 
ing  taking  into  account  as  many  factors  at, 
possible  that  could  influence  the  dynamic 
response  of  the  window.  These  factota  in¬ 
clude  the  acoustical  coupling  between  tin- 
celling  and  windows  as  well  as  the  acousti¬ 
cal  coupling  with  other  rooms  within  else 
building. 

3.  Determine  the  stress  to  which  the  mathe¬ 
matical  models  were  subjected  in  responsc- 
to  an  assumed  sonic  boom. 

4.  Study  the  possibility  of  failure,  taking 
Into  account  the  statistical  streug-.h  of 
glass  In  response  to  the  assumed  r-snic  boos. 

Formulation  of  the  models  was  based  upvn  measured 
and  calculated  data.  The  natural  frequencies  of 
the  ceiling  and  window  were  measured  with  appro¬ 
priate  instruments  and  the  existence  of  coupling 
between  the  ceiling  and  windows  was  verified  by 
steady-state  vibration  tests.  The  masses  of  the 
various  elements  were  calculated  after  physical 
dimensions  had  been  tabulated.  The  elastic  prop¬ 
erties  were  calculated  from  the  known  natural 
frequencies  and  calculated  masses. 

The  response  of  the  luaqied  parameter  system  was 
obtained  by  two  means:  (1)  the  analogue  computer, 
and  (2)  the  digital  computer.  The  analogue  com¬ 
puter  was  used  to  study  specific  cases  whereas 
the  digital  computer  wss  used  to  solve  for  saxl- 
max  values  as  a  function  of  several  parameters. 

The  following  conclusions  were  reached  as  a  result 
of  this  study: 

1.  Acoustic  coupling  exists  between  the  ceiling- 
roof  structure  and  the  windows  of  the  store 
building  but  esnnot  be  considered  of  con¬ 
sequence  for  this  particular  case. 


Mathematical  euwiels  are  formulated  and  applied 
in  this  paper  to  a  specific  incident  of  damage  to 
a  window  glass  In  a  store  front  which  occurred 
during  the  series  of  sonic  bocm  rest  flights  at 
Oklahoma  City  in  1964.  In  this  incident  an 
8'  x  10*  x  1/4"  plate  glass  window  in  the  store 
front  of  a  single-story  commercial  building  vts 
broken  coincidentally  with  the  occurrence  of  a 
sonic  boom.  Using  this  specific  incident  of  glass 
breakage  as  an  example,  an  analysis  was  made  of 
vibrational  and  acoustic  factors  which  may  have 
beer,  involved  to  determine  if  any  of  these  factors 
could  have  contributed  to  the  failure  of  this 
particular  window  from  this  particular  sonic  boom. 
In  a  concurrent  end  related  study  (see  capsule 
summary  SR-32)  a  mathematical  model  was  developed 
to  calculate  the  pressure-time  history  acting  on 
the  glass  window  to  determine  if  a  shock  wave  with 
a  pressure  signature  such  as  the  one  aeasured 
approximately  5  miles  from  the  window  In  question 
could  have  been  altered  significantly  by  building 
orientation  and  configuration.  This  related  study 
indicated  that,  theoretically,  no  abnormal  or 
unusual  pressure-time  condition  would  have  been 
produced. 
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2.  The  stress  Isvel  of  (he  window  in  question  f 

which  would  have  been  produced  by  the  '• 

assumed  1.65  psf  and  .135  second  duration 

aonic  boom  could  not  cause  failure  of  a 
properly  installed,  undamaged  window  glass, 

3.  The  natural  frequency  of  the  ceiling-roof 
structure  changes  with  time  and  appears 
attributable  to  changes  in  wood  moisture 
content. 

4.  There  are  no  openings  of  sufficient  size 
to  be  classified  as  necks  of  Helmholtz 
resonators  in  this  systea. 

5.  The  boundary  conditions  of  the  windows  as 
mounted  in  the  aluminum  millions  can  be 
considered  to  be  simply  supported. 

The  breakage  of  this  window  was  also  investigated 
by  Zuawalc  (see  capsule  suamary  SR-32). 

This  is  a  good  example  of  the  application  of 
sonic  boom  structural  reaponae  theory  to  a 
specific  damage  incident. 
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SR-31 

ENERGY  SPECTRAL  DENSITY  OF  TOE  SONIC  ROOM 
J.  R.  Young 

Journal  of  the  Acoustical  Society  of  America, 

Vo*.  40,  No.  2,  1966,  pp.  496-498 

This  brief  note  presents  equations  for  calculat¬ 
ing  the  energy  spectral  density  of  ideal  sonic- 
booa  pressure  signatures  and  the  asymptotic  be¬ 
havior  of  the  spectra  at  high  and  low  frequencies, 
it  is  shown  that,  fur  systems  with  essentially 
high-frequency  response  characteristics,  the  sys¬ 
tem  will  be  basically  sensitive  to  peak  overpres¬ 
sure  and  not  to  N-wave  duration.  Low-frequency 
systems  are  shown  to  be  sensitive  to  both  duration 
and  peak  overpressure.  Experimental  data  from 
the  White  Sands,  New  Mexico  sonic  boom  tests  (see 
capsule  .nusoiary  SR-16)  are  cited  to  corroborate 
these  conclusions. 

this  is  a  significant  paper  in  spite  of  its 
brevity  »n  that  it  was  the  first  to  show  tout 
high  frequency  systems  respond  to  peak  overpres¬ 
sure  and  low  frequency  systems  respond  to  both 
peak  overpressure  and  X-vave  duration. 

SX-32 

COMPUTATION  Or  THE  PRESSURE-TIME  HISTORY  OF  A 
SONIC  BOOM  SHOCK  WAVE  ACT  INC  ON  A  WINDOW  CUSS  IN 
A  BUILDING 
Cien  W.  /uswait 
NASA  CK-b6io9,  1966 

in  this  paper  mathematical  me thuds  are  presented 
for  computing  the  pressure-time  history  of  * 
sonic  boom  shock  wave  acting  on  any  given  exterio: 
wall  surface  facing  the  shock  wave.  Additional 
methods  are  also  presented  for  wails  which  are 
in  the  "shadow”  of  the  shock  wave  or  which  receive 
reflected  wave  effects  from  nearby  walls  or  cor¬ 
ners. 

Three  method-,  jre  presentee  for  calculating  the 
£  Ice- of-passage  of  an  incident  wave  and  the  time 
interval  between  incident  and  reflected  waves  for 
a  wall  lacing  the  wave.  Method  i  used  a  conical 
wave  analysis  which  treated  the  speed  of  sound  as 
constant  and  equal  to  that  of  ground  level  and 
which  assua,  .j  that  no  wind  effects  were  presert. 
Method  II  used  a  core  exact  ballistic  wave  anal¬ 
ysis  based  on  the  theory  developed  by  Lansing 
'See  capsule  suimsary  P-24  .  in  this  method  the 
spied  of  sound  was  assumed  to  vary  linearly  up 
to  the  trcpopau.se  and  to  be  constant  at  972  ft /sec 
above  the  t ropupuuse.  It  was  again  assumed  that 
the/e  were  fin  winds.  Method  III  attempted  to 
reduce  the  computer  time  required  by  Method  II 
without  sacri fi--ir.g  too  au-jh  accuracy.  The  simpli¬ 
fying  assumption  added  was  t.-.ut  of  the  ray  was 

constant  at  the  value  of  the  flight  altitude 
(•/  is  horizontal  coordinate  axis  perpendicular 
to  flight  path  and  /  is  vert i ,ai  coordinate  axis}, 
while  the  linear  variation  of  speed  of  sound 
he low  the  tropopause  was  retained. 

it  was  round  that,  the  three  methods  gave  tlmt 
identical  results  for  small  offset  distances  from 
the  flight  track  (10,000  feet  ot  less).  The  dif¬ 
ferences  in  results  were  greatest  at  low  Mach 
numbers  and  large  offset  distances  (up  to  70,000 
feet).  Hie  conical  wave  analysis  (Method  1} 
gave  the  poorest  accuracy.  He  than  In  was  found 
to  be  the  most  practical  method. 


An  analysis  of  X-wave  diffraction  and  reflection 
around  structures  was  then  aade.  The  two- 
dimensional  theory  of  Keller  and  Blank  (Keller, 

J.  B.  and  Blank,  A.,  "Diffraction  and  Reflection 
of  pulses  by  '.‘edges  and  Corners,"  Co**uoi cat ions 
on  Pure  and  Applied  Mathematics,  Ser.  4,  No,  1, 

June  1951)  was  adapted  to  produce  a  series  of 
pressure  perturbation  expressions  for  multiple 
wave  reflections. 

The  methods  developed  are  then  applied  to  a 
specific  window  location  of  a  building  well  at 
which  it  is  believed  the  window  glass  was  broken 
by  a  specific  sonic  boom  from  one  test  flight 
during  the  series  cf  1,253  sonic  boo*  test  flights 
at  Oklahoma  City  in  1964, 

The  calculated  pressure-tine  history  acting  on 
this  window  glass  location,  from  this  particular 
sonic  boos,  indicated  that  no  abnormal  or  unusual 
pressare-t'-M  condition  would  have  been  produced. 
However,  it  is  stated  that  these  calculations 
w ?e»  based  on  several  assumed  atmospheric  i  w- 
ditions  and  flight  data  values  of  which  some  were 
of  doubtful  validity.  It  is  concluded  that  dev¬ 
elopment  of  confidence  in  these  or  other  analytical 
methods  and  the  determination  of  the  validity  of 
various  assux-tions  as  to  both  atmospheric  con¬ 
ditions  and  flight  test  data  values  will  require 
specific  fiild  tests  designed  and  conducted  for 
this  purpose. 

The  breakage  of  the  store-front  window  in  the 
Oklahoma  City  tests  was  also  investigated  by 
Lowery  and  Andrews  (see  capsule  summary  SR- 30). 

No  definite  cause  for  the  window  failure  was  found 
its  that  investigation  either. 

SR-33 

DYNAMIC  EFFECTS  OF  SONIC  BOOMS  OS  A  BEAM  LOOSELY 
BOUND  TO  ITS  SUPPORTS 
J.  E.  Benvenlste  ar.d  D.  H.  Cheng 
AlAA  Paper  So.  67-14,  Presented  at  AIAA  5th  Aero¬ 
space  Sciences  Meeting,  New  York,  New  York, 

January  23-26,  1967 

This  paper  is  exactly  the  same  as  the  one  dis¬ 
cussed  in  capsule  summary  SR-40.  The  reader  is 
referred  to  that  capsule  summary  for  details  of 
this  work. 

SR-34 

RESPONSE  OF  WINDOWS  TO  SONIC  BOOMS 
L.  Seaman 

Stanford  Research  Institute,  Interim  Technical 
Report  No.  7,  June  1967 

This  report  presents  a  method  for  calculating  the 
response  of  simply  supported  windows  to  sonic 
booms,  the  procedure  is  based  on  a  linear  one- 
degree-of-f reedots  analysis  plus  estimates  of  the 
importance  of  nonlinear  and  multi»od»l  effects. 
Effects  of  stress  raisers  and  of  movement 
followed  by  Impact  of  loose  windows  are  not  con¬ 
sidered.  It  is  shown  that  significant  contri¬ 
butions  to  the  maximum  stress  in  windows  sub¬ 
jected  to  2  psf  sonic  booms  are  made  by  large 
deflections  (nonlinearities),  modes  (.bove  the 
fundamental ,  and  the  internal  pressure  built  up 
in  the  building  by  the  boom.  An  attempt  to  esti¬ 
mate  statistically  the  occurrence  of  window  fail¬ 
ure  due  to  2  ps:  boose  was  frustrated  by  lack  of 
sufficient  knowledge  or  the  statistical  distri¬ 
bution  of  glass  strength. 
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3R-35 

EFFECT  OF  SONIC  BOOM  ON  STRUCTURAL  BEHAVIOR 
J.  H.  Wiggins,  Jr. 

Materials  Research  and  Standards,  June  1967, 
pp.  233-245 

A  sunsary  of  the  findings  of  the  Oklahoma  City 
and  White  Sands  Missile  Range  sonic  boos  tests 
(see  capsule  susrsaries  SR-12  and  SR-16,  respect¬ 
ively)  is  presented  In  this  paper.  The  follow¬ 
ing  topics  are  discussed:  (1)  parameters  affect¬ 
ing  tree-field  and  loading  boos  waves;  (2)  para¬ 
meters  Influencing  cracking  damage;  (3-  factors 
influencing  crack,  observation  data;  (9)  analysis 
of  crack  data  for  cumulative  damage;  (3)  identi¬ 
fication  and  description  of  boos  damage;  and 
(6)  forecasting  boos  damage. 

The  following  conclusions  were  reached: 

1.  Boos-caused  crack  extensions  at  overpres¬ 
sures  generated  during  the  White  Sands 
program  were  found  to  be  few  in  number  and 
hairline  in  size,  and  could  be  detected  only 
on  very  close  examination.  This  resulted 
from  the  fact  that  virtually  no  permanent 
distortion  of  the  building  frames  was  caused 
by  F-104  booms  of  overpressures  up  to  24  psf. 

2.  Boon-caused  cracking  is  below  the  "noise" 
level  of  cracking  generated  by  natural  causes 
as  determined  by  subjective  observation. 

3.  Structures  and  structural  materials  used  in 
the  White  Sands  tests  appear  to  crack  sore 
rapidly  during  boos  and  non-boom  time  inter¬ 
vals  at  a  mean  Cree-fieid  overpressure  of 
about  10  psf  generated  by  an  F-104. 

4.  Class  breakage  observed  originated  from 
edges  and  is  caused  primarily  by  iopact 
againsc  stress  raisers. 

5.  There  is  no  evidence  of  damage  or  cumulative 
damage  occurring  in  the  Oklahoma  City  test 
structures  subjected  to  nominal  overpres¬ 
sures  equal  to  or  less  than  2.0  psf. 

6.  Soon  dasage  can  only  be  analyzed  and  pre¬ 
dicted  by  first  defining  it  (plaster  crack, 
glass  crack,  etc.)  and  then  treating  it  as 
a  random  variable  with  a  certain  standard 
deviation.  Damage  variability  is  governed 
by  free-field,  loading,  and  response  vari¬ 
ability  as  veil  as  the  inherent  variation 
of  cosnon  finishing  material  properties. 

7.  The  direction  of  boos  wave  propagation  in 
relation  to  the  orientation  of  c  structure 
or  window  therein  is  very  important  to  Its 
reaction.  Bocss  traveling  directly  into  a 
window  cause  the  window  to  react  sore 
violently  than  do  booms  traveling  away 
from  the  window. 


Wiggins  a ’so  wrote  an  earlier  summary  of  the  Okla- 
hoa*  City  and  (kite  Sands  sonic  boos  tests  (see 
capsule  summary  SS-21;.  The  two  su^aries,  al¬ 
though  similar,  each  treat  certain  subjects  not 
covered  in  the  other.  Both  are  excellent  *o»- 
Baries  of  two  very  important  sonic  boon  teats. 


SR- 3  6 

RESPONSE  Or  STRUCTURES  TU  SCSI. 
J.  A.  Bliese,  R.  L.  Sharpe,  i.  ! 
Sonic  Boob  Exsersueats  at  Ed- J 
leteria  Report,  hSBi.0-  1-67 ,  Ju 
Part  I,  pp,  G-I-l  thru  C-l-3-5 


rrsu.s,  and  r. ,  c, ,  Kosl 
jrds  Air  force  Base, 
s'y  28,  1567.  Annex 


This  is  a  preliminary  version  or  me  report 
described  in  capsule  susaary  -K-39.  The  r-asc-r 
is  referred  r.c  that  capsule  jiioary  for  d«  tails 
of  this  work. 

SR- 3  7 

VIBRATION  RESPONSE  OF  TEH  STR  ICTURES  M»S.  i  AM!  .. 

during  phase  i  of  the  somc  book  experiments  at 

EDWARDS  .AIR  FORCE  BASE 

D.  S.  Findley,  V.  Huckel.  H.  Hansard,  an* 

H.  Henderson 

Sonic  3coe  txperiaenis  at  Edward*  tr  Force  Base, 
Interim  Report,  HSBEo-l-f-7,  inly  2d.  1967,  Annex  i». 
Part  II,  pp.  C-II-1  thru  &-II-42 

The  purpose  of  this  paper  la  to  present  in  brief 
Summary  fore  the  measurements  made  in  A  one- 
storv  residence  structure  (Edwards  test  structure 


story  residence  structure  (Edwards  test  structure 
So,  1)  and  a  two-story  residence  structure 
Edwards  test  structure  No.  2)  during  the  Edwards 
Air  Force  Base  sonic  boos  exper taunts. 

Included  are  sample  acceleration  and  strain 
recordings  froa  P-10-,  &-J8,  and  XS-70  sonic 
boon  exposures,  along  with  tabulations  of  the- 
Edxlawa  acceleration  and  strain  values  measured 
for  each  one  of  about  140  flight  tests.  Thesc- 
da £»  are  compared  with  slBilsr  measurements  for 
engine  noise  exposures  cf  the  building  during 
simulated  landing  approaches  of  EC- 133  aircraft. 
Description  os  the  test  conditions,  aircraft, 
aircraft  positioning,  weather  observations, 
test  structures,  and  instrumentation  are  presented 
in  Annex  A. 

The  fol lowing  conclusions  ware  reached  as  a 
result  of  these  measurements: 

1.  The  sonic  bees  induced  vibration  responses 
were  generally  less  than  one  second  In 
duration  and  contained  frequencies  assoc. - 
atce  witn  both  primary  and  secondary  sine- 
turai  conorants. 


well  acceleration  amplitudes  increased 
generally  as  a  function  of  the  sonic  bene 
overpressure,  and  the  f-104  teased  to 
induce  the  largest  amplitudes  for  a  given 


3.  Strains  in  a  large  window  increased  gener¬ 
al  *  as  overpressure  increased  wish  no 
pari,  euiar  trend  as  a  function  of  airplane 
sire.  Considerable  variation  in  peak 
response  amplitudes  was  noted  for  the  sate 
nominal  flight  condiliema. 

The  fact  that  the  vail  acceleration  amplitudes 
were  larger  for  the  F-104  than  for  the  S-58  and 
XB-70  at  a  given  overpressure  yatiined  with  the 
conclusions  reached  by  Young  (*<e  capsule  sua- 
aary  SR-3I)  shat  high  frequency  systems  respond 
to  peak  overpressure  and  low  frequency  systems 
respond  to  both  peak  overpressure  and  duration 
indicates  that  the  wails  of  toe  test  structures 
were  high  frequency  systems. 


fjiiiHiliiiiiiii  i  nim . . ■  -  . . . m  . . « . 
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SR-38 

GROUND  SHOCK  DUE  TO  RAYLEIGH  WAVES  FROH  SONIC  BOOMS 
M.  L.  Baron,  H.  H.  Bleich,  J.  P.  Wright 
Journal  of  the  Engineering  Mechanics  Division, 
Proceedings  of  the  American  Society  of  Civil 
Engineers,  EM  5, -October  1967,  pp.  137-162 

This  paper  is  identical  to  an  earlier  NASA 
Contractor  Report  summarized  in  capsule  summary 
SR-23.  The  reader  is  referred  to  that  capsule 
summary  for  details  of  this  work. 

SR-39 

RESPONSE  OF  STRUCTURES  TO  SONIC  BOOMS  PRODUCED  BY 
XB-70,  B-58  AND  F-104  AIRCRAFT 
J.  A.  Blurae,  R.  L.  Sharpe,  G.  Kost,  J.  Proulx 
Final  Report  to  National  Sonic  Boom  Evaluation 
Office,  NSBEO-2-67,  October  1967 

This  report  summarizes  the  work  performed  by 
John  A.  Blume  &  Associates  Research  Division 
during  the  sonic  boom  experiments  at  Edwards 
Arr  Force  Base.  A  detailed  discussion  of 
findings  derived  from  analyses  of  the  data 
measured  and  recorded  is  presented. 


The  general  objective  of  the  structural  response 
portion  of  the  Edwards  Air  Force  Base  Program 
was  to  determine  the  response  of  typical  struc¬ 
tures  to  sonic  booms  having  different  signature 
characteristics  and  evaluate  damage  resulting 
from  the  program  overflights.  The  response  of 
test  structures  and  structure  dements  to  sonic 
booms  produced  by  XB-70,  B-58,  and  F-104  aircraft 
was  studied.  These  aircraft  were  flown  at  sev¬ 
eral  flight  track  offsets,  altitudes  and  Mach 
numbers  so  as  to  generate  different  overpressure 
levels  and  signature  characteristics. 

The  findings  presented  in  this  report  are  based 
on  detailed  analyses  of  structural  response  and 
free-field  overpressure  data  for  seventeen  com¬ 
parable  XBr70,  B-58,  and  F-104  missions  flown 
within  minutes  of  each  other.  The  measured 
plate  response  of  three  gypsum  board/wood 
stud /wood  siding  walls  and  one  large  plate  glass 
window,  and  the  measured  racking  response  of  two 
typical  wood  frame  houses,  one  one-story  and  one 
two-story  house,  were  analyzed  in  detail  and 
compared  with  the  response  predicted  using  boom 
signatures.  In  addition,  the  plate  and  racking 
response  of  a  long-span  steel  frame-metal  siding 
building  was  analyzed. 

Fret-field  signature  data  and  the  effects  of 
free— fielxl  signature  parameters  on  structural 
response  were  analyzed  and  the  following  are  the 
major  findings: 


1. 


Sonic  booms  from  large  aircraft  such  as 
the  XB-70  affect  a  greater  range  of  struc¬ 
tural  elements  (those  elements  with  natural 
frequencies  below  5  cps)  than  sonic  booms 
from  smaller  aircraft  such  as  the  B-58  and 
F-104.  These  results  are  predictable  If 
the  boom  and  structure  element  character¬ 
istics  are  known.  The  natural  frequency  at 
which  the  maximum  DAF  (Dynamic  Amplification 
Factor-defined  as  the  ratio  of  equivalent 
static  load  to  peak  dynamic  load)  occurred 
was  primarily  a  function  of  the  time  from 
start  of  boom  to  negative  peak  Tj.  As  Tj 


Increased,  the  maximum  DAF  occurred  at  a 
lower  natural  frequency.  T2  increased  as 
size  of  aircraft  increased. 

2.  The  DAF  computed  from  free  field  signatures 
and  peak  positive  free-field  overpressures 
were  independent  of  the  channel  on  which 
the  signatures  were  recorded.  Therefore,  a 
single  free-field  microphone  would  have 
supplied  sufficient  data  to  predict  struc¬ 
tural  element  response. 

3.  The  ratio  P2/P1  (absolute  value  of  peak 
negative  overpressure  to  peak  positive 
overpressure)  decreased  as  the  offset  of 
the  aircraft  increased  for  XB-70  missions. 
The  magnitude  of  the  maximum  DAF  decreased 
as  the  ratio  P2/PX  decreased. 

4.  The  DAF  spectra  obtained  using  a  wave  model 
described  by  free-field  signature  parameters 
Pi,  P2,  Ti,  and  T2,  where  T^  is  rise  time, 
were  equal  at  the  95  percent  confidence 
level  to  the  DAF  spectra  obtained  from 
digitized  free-field  signatures.  The  wave 
model  can  be  uwed  to  predict  structure 
response  if  these  parameters,  and  the  char¬ 
acteristics  of  the  structure  element  are 
known. 

5.  In  the  analysis  of  the  effects  of  lateral 
offset  of  aircraft,  the  ratio  P2/P1  in  the 
recorded  free-field  signatures  caused  the 
predominant  effect  on  DAF.  The  recorded 
signatures  showed  little  change  in  rise 
time  (Tj)  or  in  durations  (t)  for  overhead 
and  offset  missions  for  each  type  of  air¬ 
craft.  Therefore  the  influence  of  lateral 
offset  on  DAF  spectra  was  limited  to  che 
effect  of  the  ratio  P2/P1. 

The  plate  and  racking  response  of  the  one-story 
and  tsro-story  test  houses  (E-l  and  E-2,  respec¬ 
tively)  and  of  the  long  span  steel  frame  structure 
(E-3)  to  sonic  booms  generated  by  the  Edwards 
AFB  test  flights  were  analyzed.  The  major  find¬ 
ings  were  as  follows: 

1.  Peak  plate  displacements  of  three  typical 
walls  in  the  two  test  houses  were  less  than 
0.034  inches  for  sonic  boom  overpressures 
of  approximately  2  psf.  Racxlng  displace¬ 
ments  at  the  roof  line  of  the  northeast 
corners  of  Test  Houses  E-l  and  E-2  were 
extremely  small  (less  than  0.0018"  for  E-l 
and  less  than  0.005"  for  E-2)  for  sonic 
booms  on  the  order  of  2  psf, 

2.  Measured  displacements  of  three  typical 
walls  were  nearly  equal  to  predicted  dis¬ 
placements  based  on  either  free-field  or 
net  ptessure  signature  data.  Racking  dis¬ 
placements  predicted  from  free-field  peak 
overpressures  and  DAF  spectra  calculated 
from  free-field  pressure  signatures  were 
in  good  agreement  with  measured  displace¬ 
ments.  The  response  of  the  large  glass 
window  in  E-J  was  predictable  using  free- 
field  signature  data. 

3.  Structure  response  could  be  adequately  pre¬ 
dicted  by  using  peak  overpress-res  and  DAF 
spectra  calculated  from  free-field  sig¬ 
natures. 
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4.  Peak  overpressure!  of  about  7  'sf  caused 
by  a  typical  SST  should  pro  ■»  racking 
displacement!  of  typical  hout>  that  will 

be  of  similar  magnitude,  or  p>  »..ibly  smaller, 
than  those  caused  by  the  XB-70  missions. 

These  racking  displacements  should  be  negli- 
.  gible  and  far  less  than  those  required  to 
cause  damage. 

5.  No  sonic  boom  damage  was  observed  in  test 
structures  prior  to  or  after  the  test  flights 
There  were  minor  shrinkage  cracks  in  the  test 
structures  prior  to  start  of  test  flights'. 
However,  no  discernible  extension  or  widen¬ 
ing  of  these  cracks  was  observed  although 
observations  were  made  and  recorded  daily. 

6.  Damage  to  properly  designed  and  constructed 
houses  from  low  magnitude  sonic  booms  is 
extremely  unlikely.  Damage  should  not 
occur  to  structure  elements  such  as  glass 
windows  from  racking  motions  caused  by  low 
magnitude  sonic  booms. 

The  supersonic  test  missions  subjected  a  large 
number  of  buildings  and  structures  at  Edwards  AFB 
and  in  communities  near  Edwards  to  sonic  booms. 

A  survey  was  made  of  all  glass  windows  and  doors 
in  buildings  and  structures  at  Edwards  to  provide 
a  basis  for  determining  the  extent  of  glass 
damage  caused  by  the  test  program.  An  engineer¬ 
ing  investigator  inspected  each  complaint  received 
from  Edwards  and  adjacent  communities.  The  major 
findings  were  as  follows: 

1.  As  the  condition  of  the  glass  panes  at 
Edwards  AlB.was  determined  prior  to  the 
test  program,  the  number  of  damaged  panes 
caused  by  booms  from  test  missipns-  should 
be  an  indicator  of  glass  damage  to  be 
expected  from  future  level  supersonic 
flights  generating  peek  overpressures  of 

2  to  3  psf.  The  rate  was  one  damaged  pane 
per  7.9  million  boom-pane  exposures.  This 
rate  was  27  percent  of  the  rate  for  build¬ 
ings  in  communities  adjacent  to  Edwards 
which  were  not  condition  surveyed  prior  to 
test  missions, 

2.  During  Phase  1,  the  110,390  glass  panes  la 
structures  at  Edwards  were  subjected  to 
more  booms  from  test  missions  than  were 
the  605,000  glass  panes  in  the  adjacent 
communities;  however,  the  aircraft  while 
over  Edwards  were  flying  straight  courses 

■  and  then  made  turns  at  supersonic  speeds 
over  adjacent  communities.  Some  focusing 
of  the  boom  overpressure  (super  booms)  may 
therefore  have  been  produced  with  peak 
overpressures  greatly  exceeding  those  pro¬ 
duced  on  the  Base.  As  a  result,  the  valid 
glass  damage  rate  per  mission  during 
Phase  X  was  8.8  times  the  rate  during 
Phase  II  when  aircraft  generally  flew 
straight  courses  while  at  supersonic 
speeds. 


3.  Fifty-eight  percent  of  all  incidents  of 
damage  for  which  complaints  were  received 
during  Phases  1  and  It  were  listed  es 
possibly  caused  by  sonic  booms  generated  by 
test  program  flights.  Of  thaat  valid  inci¬ 
dents,  80  percent  were  for  glass,  5.5  per¬ 


cent  for  plaster  or  stucco,  0.0  percent  for 
structural,  and  14.5  percent,  for  bric-a- 
brac  or  other  fallen  object  damage. 

This  experimental  program,  aloug  with  the  one 
conducted  at  the  White  Sands  Missile  Range,  New 
Mexico  in  1964-v/j  (see  capsule  summary  SR-16)  and 
the  Oklahoma  City  sonic  boom  tests  (see  capsule 
summary  SR-12) ,  are  the  most  extensive  that  have 
been  conducted  concerning  effects  of  sonic  booms 
on  structures.  The  overpressures  of  the  Edwards 
APB  experiments  (on  the  order  of  2  psf)  were  much 
lower  than  those  of  the  White  Sands  tests  (up  to 
38  psf.  This  was  due  tc  the  fact  that  the  pur¬ 
pose  of  the  White  Sands  tests  were  to  determine 
the  overpressure  levels  required  to  damage  various 
structural  materials  and  components,  while  the 
purpose  of  the  Edwards  tests  was  to  determine 
the  response  of  typical  structures  to  overpressure 
levels  typical  of  SST  cruise  conditions.  In  this 
respect  the  Edwards  AFB  experiments  were  much 
more  similar  to  the  Oklahoma  City  tests. 

SR-40 

SONIC  BOOM  EFFECTS  ON  BEAMS  LOOSELY  BOUND  TO 

THEIR  SUPPORTS 

J.  £.  Benveniste  and  D.  H.  Cheng 

J.  Aircraft,  Vol.  4,  No.  6,  Nov. -Dec.,  1967, 

pp.  494-498 

The  problem  of  a  beam  induced  to  rattle  between 
two  sets  of  springs  by  a  sonic  boom  is  formulated 
In  this  paper  and  a  method  of  solution  is  pre¬ 
sented.  A  detailed  study  Is  made  of  the  dynamic 
response  of  the  rattling  beam  subjected  to  an 
N-wave.  The  effect  of  damping  is  neglected. 

The  response  is  expressed  in  either  one  of  two 
normal  function  series,  depending  on  whether  or 
not  the  beam  is  in  contact  with  its  supports. 

It  it  found  that  for  moderat«*.y  st<ff  springs, 
the  amplification  factor.*  (ra:  *o  of 

dynamic  to  :,t.  tile  center  •  are  consider¬ 

ably  higher  for  a  beam  til'-  rafrl'.o  U>v*  crr  a 
firmly  supported  beam.  ue  dyc.am',  *mpiJ  ’  f cation 
factor  for  shear  increases  o£-ry  rxr  ,  ly  the 
spring  stiffness  increases.  For  the  .■•.'t'Cujsr 
case  studied,  an  additional  factor  of  2  1  Indi¬ 
cated  for  the  DAF  on  the  moment  at  uidtpan  and 
about  4  on  the  shear  at  supports.  Bared  on  this 
fact,  it  is  suggested  that  a  rattling  beam  would 
most  likely  fall  near  the  supports  instead  of  at 
the  center,  because  the  shear  at  supports  which 
induces  the  diagonal  tension  and  compression 
stresses  would  become  more  critical  than  the 
bending  stress  induced  by  the  moment  at  the 
center  of  the  beam. 

Other  factors  Included  in  the  analysis  are  ratio 
of  sonic  boom  duration  to  fundamental  period  of 
beam,  ratio  of  gap  to  beam  span,  and  ratio  of 
static  deflection  to  beam  span.  This  last  ratio 
affects  the  dynamic  amplification  factor,  thus 
showing  that  the  maximum  response  is  not  pre- 
portional  to  the  peak  pressure,  making  the  problem 
nonlinear.  It  is  concluded  that  the  effect  of 
a  sonic  boom  on  a  beam  that  rattles  is  much  more 
severe  than  on  one  that  does  not. 

In  a  previous  paper  (see  capsule  summary  SR-2S) 
Benveniste  and  Cheng  studied  in  detail  the  response 
of  a  simply  supported  beam  to  an  N-wave  (among 
other  things).  The  present  paper  ia  an  extension 
of  that  analysis. 


21  • 


SR-41 

MULTIMODE  RESPONSE  OF  PANELS  TO  NORMAL  AND  TO 
TRAVELING  SONIC  BOOMS 
M.  J.  Crocker 

Journal  of  the  Acoustical  Society  of  America, 

Vol.  42,  No.  5,  .1967,  pp.  1070-1079 

The  general  results  for  undamped  panel  response 
to  an  N-vave  traveling  acroas  its  aurface  at  any 
arbitrary  velocity  are  presented  in  this  paper. 

A  detailed  theoretical  study  Is  made  of  the 
response  of  a  unifora  flat  rectangular  panel  to 
an  N-vave  for  both  the  case  where  the  N-wave 
arrives  normal  to  the  panel  aurface  and  the  case 
where  the  shock  front  arrives  at  any  angle  of 
incidence  and  crosses  the  panel  parallel  to  one 
side.  Closed-form  solutions  (for  individual 
modes)  are  given  for  the  case  of  simply  supported 
panel  response  to  normal  and  traveling  N-waves, 
and  an  approximate  solution  is  presented  for  the 
response  of  a  panel  with  fully  fixed  edges  to  a 
normal  N-wave.  The  Duhamel  integral  method  is 
used  to  obtain  panel  displacement-,  strain-,  and 
stress-time  histories  for  any  point  on  the  panel. 
The  analyses  derived  csn  be  used  to  compute 
window  or  wal 1-panel  response  to  sonic  boom. 

A  comparison  between  theory  and  experiment  shows 
good  agreement  between  measured  and  predicted 
strain  maxima  and  fair  agreement  between  the 
early  parts  of  the  strain-time  hlatoriee,  . capita 
some  differences  between  the  experimental  ind 
theoretical  models.  The  necessity  to  include 
the  contributions  due  to  the  higher  modes,  par¬ 
ticularly  for  accuracy  in  strain-time  histories, 
is  shown  to  be  clearly  borne  out,  both  in  theory 
and  experiment. 

Cheng  and  Benvenlste  (see  capsule  summary  SR-28) 
performed  a  study  similar  to  the  one  of  the  pre¬ 
sent  paper.  However,  their  results  were  restrict 
restricted  to  the  so-cslled  "resonant"  velocity 
of  shock  propagation  V”wffl  a/mn, 

where  w  ■  angular  frequency 

a  o  panel  length  in  x-dlrection 

(direction  of  largest  dimension) 
and  m  «  mode  number  in  x-dlrection. 

The  present  paper  makes  no  such  restriction, 
since  the  greatest  deflection  normally  occurs 
for  a  velocity  other  than  the  resonant  velocity. 

SR-42 

SONIC  BOOM  EFFECTS  ON  PEOPLE  AND  STRUCTURES 

Harvey  H.  Hubbard  and  William  H.  Mayes 

NASA  SP-147,  Sonic  Boom  Research,  1967,  pp.  65-76 

This  paper  presents  a  general  disc  ssion  of 
experimentally  determined  effects  <f  sonic 
booms  on  people  and  structuras.  Only  the 
results  concerning  structural  effects  will  be 
suanarized  here.  For  a  discussion  of  the 
human  response  results  see  capsule  summary 
KRSC-33. 


The  significant  points  made  in  this  paper  are 
the  following: 

1.  Structural  components  having  low  vibration 
frequencies  would  probably  be  excited  more 

efficiently  by  waves  of  longer  duration. 


2.  The  excitation  of  building  structural  com¬ 
ponents  having  high-frequency  responses 
would  also  tend  to  be  less  for  waves  having 
longer  rise  times. 

3.  In  a  room  with  s  window  the  internal  pres¬ 
sure  transient  has  a  relatively  small  opli- 
tude  and  Is  damped  out  rather  quickly  when 
the  window  is  closed.  Or  the  other  tend, 
when  the  window  is  partly  opened  by  i  par¬ 
ticular  amount,  the  duration  oi  the  inside 
pressure  transient  is  markedly  ronger  ond 
the  peak  pressure  value  actually  exceeds 
that  of  the  outside  exposure. 

4.  Results  of  flight-test  measurements  s tow 
that  there  is  s  general  trend  of  increased 
building  wall  acceleration  level  with  in¬ 
creased  overpressure. 

This  is  a  good  brief  review  of  the  structural 
effects  of  sonic  booms. 


3R-43 

A  SONIC  BOOM  INDEX  AND  STRUCTURAL  REACTION  TO 
IMPULSIVE  NOISE 
T.  H.  Higgins 

FA A  Staff  Study,  April  23,  1968 

A  sonic  boom  index  is  presented  in  this  paper  for 
use  in  predicting  structural  reaction  to  sonic 
booms.  This  index  is  defined  an  follows: 

Sonic  Boom  Index  “ 


Where  K  *  arbitrarily  assigned  value  to 
reduce  size  of  Index 
AP  *  overpressure  in  lfcs/sq.  ft. 
and  t  ■  rise  time  in  seconds 

The  definition  of  this  index  was  based  upon  the 
hypothesis  that  it  is  the  integrated  energy  of  the 
sonic  boom  which  is  important  in  determiniug  struc¬ 
tural  reaction;  the  integrated  spectral  energy 
varies  with  the  maximum  overpressure  and  Inversely 
with  the  rise  time  of  the  wavefront. 

Data  given  in  an  earlier  paper  by  Glume,  et  -1 
(see  capsule  summary  SR-39)  are  used  to  ob’.ein 
total  displacement  and  maximum  fore  and  .-ft  dis¬ 
placement  distances  resulting  from  soni -  booca 
of  varying  overpressure*  and  rise  times.  The 
overpressure  (AP)  and  rise  time  (t)  data  are  used 
to  obtain  the  Sonic  Boon  Index  (81)  of  each  sonic 
boom.  The  formula  Bl«.0SAP/fc  vrs  used.  'rhe 
tural  reaction  was  then  correlated  with  the  B.I. 

It  was  found  that  the,  total  racking  displacement 
and  the  maximum  fore  and  aft  displacement  in  the 
direction  of  the  flight  track  of  the  roofiine  of  a 
two-story  house  decreases  by  onw-helf  when  lb*  rise 
tins  doubles  for  sonic  boc^a  of  equal  overpressure. 
It  Is  concluded  that,  as  hypothesized,  the  t-tntc- 
tursl  reaction  to  sonic  booms  varies  directly  with 
maximum  overpressure  and  inversely  with  the  rise 
time.  Therefore,  the  sonic  boom  index  has  merit 
for  uos  in  predicting  structural  reaction. 

In  another  paper  (see  capsule  r.usrary  HFSC-37) 
Higgins  discusses  the  merits  of  using  the  tonic 
Boom  Index  for  predicting  human  response  to 
sonic  booms. 
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PETETRAYlOfl  OF  SONIC  BOOMS  INTO  TH £  GCEAh 
Robert  W.  Voting 

Paper  Presented  to  Aco  .crk«l  Society  of  Amurice , 
Dte-wo,  May  26,  IV  YD 

Tht  results  of  a  flight  cast  experiment  conducted 
tu  <k:*-rmine  the  attenuating  of  aonic  boons  as  they 
propagate  downward  fro*  t>~  surface  of  thg  ccaan 
are  presented  in  thi*  page..  The  boot*  were  gen¬ 
erated  by  F-S  fighters  diving  ro  attain  Mach  1.1  or 
1,15  at  an  altitude  of  scout  3G00  feet.  The  flight 
tracks  oi  the  aircraft  were  at  various  distance* 
from  tne  obaervation  point, 

To  measure  the  preaaure  signatures  ona  microphone 
was  mounted  or,  a  drifting  sailing  vassal  12  feet 
a’  i'vo  the  water  surface,  and  a  hydrophone  was 
floated  off  to  a  depth  of  160  feet.  On  a  small 
boot  a  microphone  *-as  mounted  at  an  average  height 
of  1  foot  above  tl  j  water,  and  two  additional  hydro 
phones  were  positioned  at  -20  feet  and  -80  feet. 

The  results  sh,  vpd  that  cha  peak  sound  pressure 
level  of  th«  sonic  Doom  from  an  F-8  aircraft  haa  an 
octave-band  spectrum  that  slopes  downward  2  or  3 
dB/octave,  whereas  f he  time- Integrated  octave  band 
level  (obtained  by  filtering  a  signal  proportional 
to  the  original  sound  pressure  p  into  an  octava  band 
(frequency  limits  1  and  2}  to  p12.  squaring  to  get 
p;;,  and  then  integrating  with  respect  to  tnw) 
slopes  downward  aboi c  %  dB/octave.  In  water  the 
peak  sound  pressure  level,  above  l/.  5  Hz,  at  a  hydro¬ 
phone  20  feet  deep  was  found  to  ba  i-bout  25  dB  lass 
than  that  in  a-.r;  the  integrated  level  was  found  to 
j  ?„•  or  even  onlj  15  dB  less  thw<  that  in  air. 

Tb .  reductions  in  sound  pressure  level  at  a  depth 
of  160  feet  were  about  5  dB  :';i  addition. 

SR-45 

THE  RESPONSE  OF  A  SIMPLY  SUPPORTED  PLATE  TO  TRANSIENT 
FORCES}  PART  I  -  THE  EFFECT  OP  N-WAVES  AT  NORMAL 
INCIDENCE 
Anthony  Craggs 

NASA  CR-1175,  September  1968 

A  numerical  method  for  determining  the  response  of 
a  str-cture  to  transient  forces  of  arbitrary  form 
is  presented  in  this  paper.  Tills  nethod  is  used  to 
evaluate  the  response  of  a  simply  supported  plate 
to  an  N-wave  at  normal  incidence. 

tn  order  to  obtain  a  numerical  solution  to  an 
arbitrary  forcing  function,  the  forcing  function 
in  divided  into  9  tinite  number  of  segments  of 
equal  duration.  Each  segment  is  then  treated  as 
an  'impulse  end  the  net  response  is  built  up  by 
the  process  of  superposition.  Once  the  forcing 
function  has  been  Idealized  into  a  finite  number 
■  f  rectangular  pulses,  the  total  response  is 
found  by  superimposing,  with  the  appropriate  time 
lag,  the  response  from  each  one. 

This  technique  is  than  applied  to  the  response  of 
a  simply-supported  plate  to  sonic  booms.  The 
response  parameters  studied  are  the  displacement, 
acceleration,  arj  stress  at  a  point  on  the  plate. 
Different  lose  conditions  are  investigated  by- 
changing  the  riss  time  and  deration  of  the  boom. 

In  obtaining  a  solution  to  the  equation  of  motion 
of  a  uniform  plate  In  forc-d  v'.b-.ation,  a  normal 
mode  approach  it  used  and  any  damping  preasnt  In 
the  system  la  assumed  not  to  couple  these  modes. 

It  Is  also  assumed  that  the  plate  i*  vibrating 


1*J  4  vacuum  no  shat  u>c:c  is  no  m^ons-tlc  back 
pr«.  Sure  rtrtiss:. 

As  .1  result  of  thfi*  inv tgation  the  following 
Conclusions  fcOfA  reached J 

1.  Effect  of  Period  Ratio  :/T  (t  is  the  pulse 
duration  and  T  is  the  natural  period  of  the 
plate:  The  maximum  salification  factor 
occurs  whsn  t/T  ia  unity  and  in  this  con¬ 
dition  the  msrlsuis  value  is  sensitive  tu  .< 
variation  in  the  rise  tiw-,  the  greatest 
magnification  factor  for  displacement  is  2,6. 

2.  Effect  of  Rise  rime:  When  t/T  e^u'sl*  one, 
the  maximum  amplification  factor  occurs  wnen 
the  rise  time  ia  1/4  of  the  duration  if  the 
pulse,  it  la  thOn  about  2,6.  For  zero  fso 
time  the  amplification  factor  is  about  2.1. 

3.  For  the  plate  (aspect  ratio  1.5)  there  is 
little  difference  between  the  displacement 
and  stress  time  histories  as  those  were  almost 
completely  dominated  by  the  fundamental  node. 
However,  the  accelerations  are  affected  more 
by  the  higher  modes  and,  consequently,  the 
response  contains  mors  peaks. 

4.  Under  certain  conditions  the  response  for 
the  time  t>r,(i.e.,  when  the  system  is  left 
Vibrating  frealy)  is  very  small.  Tills  is 
dependent  more  on  the  overall  shape  of  the 
pulse  and  its  relation  to  the  fundamental 
period  of  the  system  chan  to  any  other  single 
parameter. 

In  Part  II  of  this  report  (see  capsule  summary 
SR-48)  the  response  of  a  simply-supported  plate  to 
N-vaves  at  obllqua  incidence  ia  analyzed. 
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SONIC  BOOMS  RESULTING  FROM  EXTREMELY  LOW-ALTITUDE 
SUPERSONIC  FLIGHT:  MEASUREMENTS  AND  OBSERVATIONS 
ON  HOUSES,  LIVESTOCK  AND  PEOPLE 

C.  W.  Nixon,  K.  K.  Hills,  H.  C.  Sonet,  and  E.  Guild 
Aerospaca  Medical  Raaearch  Laboratories,  Wright- 
Patterson  A.  F.  Base,  Ohio,  Report  No.  AMRL-TR-68-52, 
October  1968 

Ir>  the  flight  test  experiment  dit cussed  in  this 
p',per  sonic  booms  generated  by  F-CC  aircraft  flying 
low-level  terrain-following  profile-  during  Joint 
Task  Force  11  operations  near  Tonopah,  Nevada 
were  recorded  under  and  near  the  flight  tracks,  and 
responses  of  structures,  animals,  and  people  were 
observed.  Cnly  tha  structure)  response  findings 
will  be  discussed  here.  For  a  disci— cion  of  t!  . 
human  response  and  animal  response  results.,  sae 
capsule  summaries  HRSC-89,  and  AR-4  ,  respectively. 

Peak  overpressure  levels  ranged  from  80  psf  to 
144  paf  directly  under  the  flight  track  and  from 
50  paf  to  118  paf  at  various  distances  to  th;  side 
of  tha  ground  track.  Observed  structures  in  the 
exposed  residential  areas  consiatad  of  very  old 
fraaw  and  brick  buildings  in  poor  atatea-of-repair 
and  both  old  and  new  campers  and  trailers.  The  poor 
conditions  of  the  structures  prior  to  teat,  the 
small  number  of  them  aa  well  as  the  lack  of  over¬ 
pressure  data  ac  the  sites  of  the  structures  pre¬ 
cluded  relating  overpressures  to  response*  of 
specific  types  of  construction. 


u.r.Lar.iM'.ia.t*,  iaAiuikL’uaVi  .dLuuiiiWui  rn..  il  auiUieAila^  ill!  LUhi  emmee.malL&.rtJjnni’riTil  mitt  mrfj  ItiWUrM  iMiitf  f  1 1  sAi'Ai  Jiff  illftb 


Damage  tc  structure*  was  principally  cvnfiwad  to 
8J«S3  braakng* ,  plaster  crsoV.fng,  sad  fur$.ith)ttgs 
from  nUVtaeft.  Xtt  almost  *11  tWrt1  place 
'--veksge  occurred  *t  flvt  ?ide  r>f  the  buildtns  facing 
t*ir  approaching  aircraft;,  Thera  v*»s  so  damage  to 
tSsi  trailers. 

it  was  felt  by  the  a  ora  that  the  seat  important 
knowledge  gained  fro*  thi»  expeiivenc  wae  Chat 
window  glass  fragments  were  propelled  in  some 
Instance*  for  distances  cf  approximately  12  feet 
by  the  boomo  generated  by  the  F»4C,  Such  an  occur- 
rence  had  never  before  been  observed. 

Other  damage  observer  included  the  shattering  of  an 
si  reedy  cracked  safety  glass  in  an  older  station 
wagon.  A  relatively  new  station  wagon  located 
SO  feet  ires  the  flight  track  incurred  oc  breakage 
throughout  the  casts,  although  covers  for  the  done 
light  and  spars  tiro  compartment  popped  out  during 
sonic  boa*  exposures,  Thv  smell  side  window  of  a 
csxpur  oars-ii  uba-ct  100  feet  ->oa  the  flight  track 
broke  end  glass  flew  cut  aw  far  as  12  feet  in  tbs 
direction  from  which  the  sit  craft  approached,  in  a 
are 11  building  about  200  yards  from  the  track  the 
receiver  of  a  wall  telephone  was  repeatedly  shaken 
off  its  cradle  by  the  booms  and  some  light  bulbe 
inside  the  optical  tracking  atst-'on  were  broken. 

The  findings  of  this  investigation  were  qualitative 
rather  then  quantitative,  in  contrast  to  several 
previous  investigations,  such  as  the  Oklahoma  City 
tests,  the  White  Sands  teste,  and  the  Edwards  Air 
Force  base  Teste  (see  capsc-e  summaries  SR-12, 

SR-lb,  and  SR-39,  respectively).  Those  three  tests 
were  much  more  extensive  than  the  one  discussed  in 
the  present  paper,  and  the  test  structures  were 
instrumented,  in  contrast  to  those  of  the  present 
investigation,  however,  the  overpressures  of  the 
present  experiment  were  much  larger  than  in  any 
of  the  three  previous  tests.  Therefore,  the 
results  of  this  investigation  are  significant  in 
that  they  do  provide  an  indication  of  the  types 
and  magnitude  of  damage  that  can  be  expected  as 
a  result  of  extremely  large  overpressures. 

SR-47 

RESEARCH  Ob’  CRITICAL  STRUCTURAL  RESPONSE  TO  THE 

SONIC  BOOM 

R.  L.  Lowery 

NASA  CR-6675G,  December  1,  1968 

This  report  documents  the  results  cf  e  study  of 
the  structural  damage  potential  of  the  sonic  boom. 
The  project  was  directed  by  Dr.  ».  L.  Lowery. 

The  major  part  of  the  work  was  done  as  a  doctoral 
dissertation  by  T.  V.  Sesbadri,  which  is  documented 
in  Appendix  A. 

The  primary  <  .jectlve  of  this  study  was  to  dett-r- 
mine  the  characteristics  for  the  hypothetical 
"most  critical"  structure.  Several  different 
problem  areas  were  Involved  in  this  search; 

1.  Determining  a  lumped  parameter  representa¬ 
tion  for  the  structural  systems. 

2.  Determining  the  damping  mechanisms  of  the 
structures  and  reasonable  values  fur  the 
damping  coefficients. 

3.  Determining  in  what  way  the  number  of  degrees 
of  freedom  of  motion  affects  the  severity  of 
the  responae. 


A,  Peter wining  bow  the  predicted  response  com- 
perse  with  available  field  date. 

A  lumped  parameter  modeling  system  was  derived  in 
which  thv  window  or  flexible  panel  was  replaced  by 
e  tamped  mesa  and  an  equivalent  spring  and  damper. 

In  t!il«  particular  model  the  deflection  ct  the 
a-awem  wee  preserved  ac  ttas  its  damping  factor  and 
natural  frequency,  'Hie  lumped  parameter  model 
agreed  r .rhenaticeily  with  the  roatinuous  model 
for  fiist  a&.n:  reapoam?  for  simply-supported  pistes, 

DsspAs;-;  mechanisms  of  StchHnm-psoueticai'ngystwse 
wer<c  sifts i'si  in  three  different  v>yc < 

1.  Analytic-:,;,  -tudy  of  the  dmtnihg  nt  kojmhoJtt 
resonators  and  rectangular  panel*.. 

2.  Experimental  measurements  of  damping  cf  e 
smell  acoustical  resonator. 

3.  Field  measurements  of  99  storefront  windows, 
as  mounted. 

Although  the  agreement  between  experiment  and  theory 
was  good  for  the  Helmholtz  resonator  it  was  found 
Cc-  be  poor  for  windows  because  of  the  effects  of 
mechanical  friction  in  the  counting.  However,  the 
damping  studies  served  the  purpose  of  identifying  a 
reasonable  value  for  the  damping  coefficient  for  use 
in  the  equivalent  lumped  parameter  model. 

The  critical  structural  configurations  for  sonic 
boom  response  were  isolated  by  first  studying  tho 
general  transient  response  spectra  of  undamped 
systems  having  varying  degrees  of  freedom  and  then 
by  finding  the  structure  that  most  closely  fit  the 
equation. 

The  comparison  of  e  limited  amount  of  field  data, 
recorded  at  Edward?  Air  Force  Base  (see  capsule 
suemary  SR-39),  with  theoretical  values  was  under¬ 
taken  but  the  results  were  somewhat  inconclusive. 

The  following  conclusions  were  reached  as  a  result 
of  this  study: 

1.  The  most  critical  linear  configuration  for 
response  to  the  sonic  boon  is  s  room  hsvlng 
one  large  window  and  a  properly  tuned  port. 

The  largest  Magnification  factor  to  be 
expected  for  an  actual  window  installation 
considering  realistic  damping  values  is  7.0. 

2.  A  large  room  having  a  flexible  unit  roof  end 
one  large  window  can  exhibit  a  magnification 
factor  of  3.5  for  the  response  of  the  window. 

3.  A  damping  factor  of  0.03  Is  representative  for 
store  front  windows. 

4.  The  theoretical  damping  factor  of  a  plate  in 
an  infinite  baffle  is  e  function  only  of  its 
aspect  ratio.  The  rerediation  damping, 
however,  is  insignificant  when  compared  to 
the  damping  produced  by  edge  effects  and  by 
mechanical  friction. 

5.  Large  windows  must  be  driven  well  into  their 
nonlinear  regions  before  failure  occurs. 

Under  these  conditions  a  hardening  "non¬ 
linearity"  is  manifested  having  the  effect 
of  limiting  the  maximum  d:  'placement. 
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THE  RESPONSE  OF  A  SIMPLY-SUPPORTED  PLATE  TO  TRANSIENT 
FORCES}  PART  it:  THE  EFFECT  OF  N-WAVES  AT  OBLIQUE 
INCIDENCE 
Anthony  Gragg* 

NASA  CR-U7<i,  1968 

In  (his  paper  a  numerical  method  is  used  to  compute 
tiie  response  of  a  simply-supported  plate  to  m 
N-wave  arriving  at  oblique  incidence  In  the  first 
part  of  this  study  the  response  of  a  plate  to  a 
normally  incident  transient  pressure  loading  was 
computed  (see  capsule  sunmary  Sk-45) .  That  work 
is  extended  in  the  present  paper  by  considering  the 
response  of  a  structure  to  a  travelling  wave,  which 
is  more  representative  of  the  general  cats  of  sonic 
boo©  uxctw.'ioa  than  the  normal  incidence  case  The 
iw.nod  used  s  •  simfle  extension  to  that  uaad  in 
port  one  of  '  t  study  (see  capsule  auamary  SR-45 
for  ,, 

The  factors  influencing  the  response  of  the  stmpiy- 
sujsported  plate  Co  an  N-wave  arriving  at  nblique 
in*. (dene*  are  shown  to  he;  (i)  the  ratio  of  the 
pulso  duration  to  the  fundamental  period  of  the 
plate,  end  fit)  the  convection  forcing  terns,  which 
ore  different  for  each  code.  It  is  also  shown  that 
asymmetric  modee  cj>  excited,  which  do  not  sake  any 
contribution  when  tits  wave  is  at  normal  incidence 
to  ths  piare.  The  compu-sd  result*  show  that  both 
tbs  convection  terms  and  iLc  asymmetrical  modes  make 
a  significant  contribution  to  .hs  form  -sf  the 
response  for  ths  displacements,  vc-.: ncitieo,  and 
accelerations,  though  their  effects  are  wore  dom¬ 
inant  in  the  accelerations  th-.  for  any  other  pata- 
neter. 

An  analysis  of  panel  response  to  aor.ic  boom  N-wave* 
at  both  normal  and  oblique  incidence  was  made  in 
earlier  papers  by  Crocker  (see  capsule  summary 
SR-41)  and  by  Cheng  and  Benveniste  (see  capsule 
summary  SR-28) , 
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SEISMIC  WAVES  GENERATED  3Y  SONIC  BOOMS:  A  CEO- 
ACOUSTICAL  PROBLEM 

A.  F.  Espinosa,  P.  J.  Sierra,  and  W.  V.  Mickey 
Journal  of  the  Acoustical  Society  of  America, 

Vol.  44,  No.  4,  1968,  pp.  1074-1082 

Observations  of  seismic  waves  generated  by  sonic 
booms  are  presented  in  this  paper.  These  waves 
were  generated  on  different  occasions  by  Je: 
fighter  planes  flying  in  a  climbing  attitude  et 
high  altitudes. 

The  seismic  waves  coupled  from  sonic  booms  are 
explained  in  terms  of  a  constructive  interference 
phenomenon  in  the  superficial  ground  layers.  The 
effect  of  the  sonic  boon  is  sinulsted  by  a  succes¬ 
sion  of  very  small  impulses  which  are  Impinging 
the  earth's  surface  at  successive  intervals  of  time 
along  the  path  of  the  plane  trajectory.  Each  of 
these  'mpulses  gives  rise  to  a  train  of  waves. 

According  to  the  ray-energy  approach,  construc¬ 
tive  interference  of  the  energy  is  possible  only 
for  those  waves  whose  phase  velocity  equals  the 
speed  of  sound.  The  apparent  surface  velocity, 
or  phase  velocity,  of  the  sound  wave  and  seismic 
waves  must  be  equal  in  order  for  efficient  and 
effective  coupling  to  occur.  When  this  is  the 
case,  the  transfer  of  energy  from  the  "acoustical 
mode"  into  the  "elastic  mode"  takvi  place. 


^  ll.l  I  P"  '  '  '  ,  i\  .  — ' 


The  experiments  studied  in  this  investigation 
took  place  at  Cape  Kennedy.  The  recordings  were 
mads  using  a  geophone  array  containing  up  to  12 
short-period  vertical  component  stations,  and  a 
singular  station  recording  the  transverse  and 
radial  type  of  motion.  The  excitation  of  seismic 
coupled  waves  with  different  frequencies  took 
place  when  fighter  airplanes  were  flying  in  a 
climbing  attitude  over  the  Cape  Kennedy  area.  A 
correlation  was  tube  between  the  acoustical  signal 
registered  at  the  microphone  stations  in  Cape 
Kennedy  and  the  first  impulsive  onset  of  the 
.seismic  wave*  recorded  at  the  array  setup. 

The  observed  seismic  waves  were  found  to  have  the 
following  characteristics: 

1.  The  phase  velocity  of  the  Impulsive  onset  was 
higher  then  the  velocity  of  sound. 

2.  A  single  frequency  excitation  was  observed  by 
efficient  coupling  of  the  acoustical  mode  to 
the  eleastlc  mode. 

3.  The  frequency  was  almost  constant,  increasing 
very  slightly  es  time  Increased. 

4.  The  amplitudes  of  the  coupled  eeismlc  waves 
increased  to  e  maximum  end  then  decayed 
monotonlcally  es  time  increased. 

5.  A  higher-mode  propagation  was  observed  and 
waa  identified  as  a  third  shear  mode,  over¬ 
riding  a  longer-period  coupled  seismic  wave. 

It  1;  pointed  out  that  one  of  the  immediate  appli¬ 
cations  of  this  coupling  effect  la  the  possibility 
of  using  this  phenomenon  as  an  efficient  cool  In 
determining  superficial  earth  structure.  Furthermore, 
it  is  suggested  that,  under  certain  circumstances, 
it  might  Le  possible  that  seismic  waves  of  damaging 
proportions  could  be  generated,  thus  creating  a 
structural  hazard  as  supersonic  and  hypersonic 
flights  Increased.  However,  in  an  earlier  investi¬ 
gation  (see  capsule  sumac ry  SR-23)  Baron,  et  el, 
concluded  that  the  possibility  of  surface  waves  in 
the  ground  causing  damage  to  structures  la  very 
remote.  The  results  of  a  later  investigation  tv 
Goforth  and  McDonald  (see  capsule  summary  SR-50) 
also  led  to  that  conclusion. 
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SEISMIC  EFFECTS  OF  SONIC  BOOMS 
T.  T.  Goforth,  J,  A.  McDonald 
NASA  CR-1137,  1968 

Results  »r*  presented  in  this  paper  of  an  experi¬ 
mental  investigation  in  which  earth  particle  veloci¬ 
ties  produced  by  sonic  booms  were  recorded  at 
Edwards  Air  Force  Bsse,  California,  the  Tonto  Forest 
Seismological  Observatory  near  Payson,  Arizona,  and 
the  Uinta  Basin  Seismological  observatory  near 
Vernal,  Utah.  Portable  seismograph  systems  were 
used  for  measurements  at  Edwatds  AFB.  At  the  other 
two  locations  the  observatory  seismograph  systems 
vers  utilized  in  addition  to  the  portable  systems. 
Geologic  studies,  including  seismic  refraction  sur¬ 
veys,  were  conducted  et  etch  of  the  three  teat  sites. 
Tlie  particle  velocity  data  were  analyzed  visually 
and  automatically,  and  (he  results  were  correlated 
with  geologic  date  and  with  NASA-furnished  over¬ 
pressure,  flight  parameter,  and  meteorological  data. 
Theoretical  estimation  techniques  were  developed  to 
predict  maximum  particle  velocities  to  be  expected 
for  the  passage  of  a  known  tonic  boom  at  a  par¬ 
ticular  geological  location. 
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the  following  conclusion*  were  reached  «e  t  result 
of  this  study: 

1.  The  maximum  ground  particle  velocity  produced 
by  a  sonic  boo*  is  linearly  related  to  the 
maximum  overpressure  of  the  boon  in  the  range 

'  of  overpressures  between  0.5  sad  5.0  pounds 
per  square  foot-  Experimental  result*  indi¬ 
cate  thet  each  pound  per  square  foot  of  over¬ 
pressure  produces  about  100  u/aec  peak  par¬ 
ticle  velocity  on  low-density  rock  sad  about 
75  u/sec  on  high-density  rock. 

2.  A  theoretical  estimation  technique  baeed  on 
the  elastostatic  deformation  of  a  half  apace 
gave  good  agreement  with  experimental  results 
for  the  peak  particle  velocities  resulting 
from  a  given  N-vave  acting  on  a  particular 
geology. 

3.  The  damage  potential  of  the  peak  particle 
velocities  produced  by  sonic  booms  is  well 
below  damage  thresholds  accepted  by  the  United 
States  Bureau  of  Mines  and  other  agencies. 

4.  Peak  particle  velocities  recorded  on  the 
lateral  edge  of  the  sonic  boom  pressure 
envelope  ere  attenuated  by  a  factor  of  6 
relative  to  particle  velocities  observed  under 
the  aircraft. 

5.  Focusing  of  seismic  energy  due  to  backward 
propagation  from  the  hyperbolic  Intersection 
of  the  shock  cone  and  the  ground  was  not 
observed. 

6.  Peak  particle  velocities  recorded  at  a  depth 
of  44  feet  were  attenuated  by  a  factor  of  75 
relative  to  those  recorded  at  the  surface. 

7.  Cood  evidence  for  the  existence  of  velocity- 
coupled  Rayleigh  waves  was  found  for  one 
recording  station.  The  lateral  uniformity  of 
near-surface  layering  and  velocity  distri¬ 
bution  necessary  for  such  waves  to  build  up 
sufficiently  to  constitute  a  menace  to  struc¬ 
tures  makes  such  an  occurrence  unlikely. 

Extensive  studies  involving  the  seismic  effects  of 
sonic  booms  were  also  made  by  Baron,  et  al  (see  cap¬ 
sule  surer '„iry  SR-23)  and  Espino**,  ct  al  (see  capsule 
summary  SR-49).  The  study  by  Baron,  et  al  was  pri¬ 
marily  of  a  theoretical  nature,  while  that  of 
Espinosa,  et  al  was  primarily  experimental  In  nature. 
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UNDERWATER  SOUND  PRESSURE  FROM  SONIC  BOOMS 

R.  N.  Sawyers 

Journal  of  Acoustical  Society  of  Africa,  V'ol.  44, 

No.  Z,  1968,  pp,  323-524 

In  this  article  an  expression  Is  derived  for  the 
sound  pressure  in  a  homogeneous  fluid  half-space, 
the  surface  of  which  is  loaded  by  an  N-vave.  The 
expression  is  derived  from  the  wave  equation  to¬ 
gether  with  c  boundary  condition  on  the  pressure 
at  the  water-air  interface  which  is  determined  by 
the  sonic  boom  pressure  signature.  The  expression 
for  the  pressure  is  then  cast  into  dimensionless 
fom  and  plotted  as  a  function  of  time  at  three 
selected  depths.  It  is  shown  that  the  peak  pres¬ 
sure  attenuates  rapidly  with  depth.  Also,  in 
contrast  to  the  abrupt  beginning  and  end  of  the 
sonic-boom  pressure  variation  in  air,  the  pressure 
wave  under  water  is  seen  to  exhibit  a  precursor 
and  tail. 


In  a  latar  experimantsl  invaatigation  (sea  capaule 
summary  S St-66)  Watera  and  Class  verified  the  essen¬ 
tial  validity  of  tbs  theory  developed  in  this  paper. 
The  results  of  a  ballistic  Invaatigation  by  Malcolm 
and  Interieri  also  ware  in  agreement  with  the  theory 
developed  here. 
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DAMAGE  EXPERIENCE 
William  P.  McCormack 

Proceeding',  of  the  Conference,  Noise  as  a  Public  Health 
Hasard.  Washington,  D.  C,,  June  13-14,  1968,  in  The 
Aamrluan  Speech  and  Hearing  Association  Reports  No.  4, 
February  1969,  pp.  270-277 


The  results  of  Air  Force  experiences  in  handling 
sonic  boom  damage  claims  are  discussed  in  this 
paper.  The  discussion  deals,  in  a  general  way,  with 
the  manner  in  which  damage  claims  are  processed, 
and  it  summarizes  the  number  and  types  of  complaints 
received  and  the  amount  of  money  actually  paid  for 
damages. 

The  tea  in  difficulty  found  in  processing  claims  is 
that  mya ter lout  damage  of  unknown  or  unexplained 
origin  will  frequently  be  blasted  on  sonic  booms  if 
a  boom  has  occurred  anytime  near  the  time  of  damage 
(and  some times  even  if  it  has  not).  Only  the 
claimant  knows  what  his  property  looked  like  prior 
to  the  sonic  boom.  Often,  only  the  clalaumt  is 
able  to  furnish  the  circumstances  under  which  the 
damage  was  discovered.  Usually,  only  the  claimant 
or  those  in  his  imaedlat*  vicinity  ari  able  to  des¬ 
cribe  the  intensity  of  the  sonic  boom  at  that  par¬ 
ticular  point.  Thus,  much  of  the  processing  of  a 
sonic  boom  claim  involves  consideration  of  the  sub¬ 
jective  opinions  and  observations  of  persona  whose 
Impartiality  and  lagal  credibility  are  always  in 
question.  The  Air  Force,  in  its  investigation, 
must  identify  the  aircraft  as  of  likely  Air  Force 
origin  and  in  some  cases  must  utilize  the  services 
of  an  txpert,  such  as  an  enginaer,  to  ascertain  the 
cause  of  dameges.  In  addition,  policy  guidance  has 
been  formulated  by  the  Air  Force  based  upon  the 
result*  of  scientific  tests  to  advise  investigators 
and  claimants  generally  aa  to  what  damage  may  ordi¬ 
narily  be  caused  by  a  tonic  boom. 


The  Air  Force  system  for  processing  damage  claims 
proceeds  es  follows:  A  complaint  of  damage  «,-y  ba 
presented  in  any  manner  to  th?  nearest  Air  Force 
base  claims  office.  There  are  approximately  140 
scattered  throughout  the  United  States.  An  Air 
Force  clsims  officer,  who  mu*t  be  a  lawyer,  will 
then  send  the  claimant  claim  forms  and  instruc¬ 
tion*  on  presenting  a  claim  and  also  conduct,  or 
supervise,  an  investigation  into  the  cause  of 
damage.  It  has  bt-cr.  fiir  Force  experience  that 
out  of  spproximataly  evary  three  persons  complain¬ 
ing  of  damage  ana  who  have  been  sent  the  claim 
forms,  only  one  will  actually  present  s  claim. 

In  the  event  that  a  sonic  boom  damages  glass,  the 
Air  Force  will  pay  for  the  reasonable  cost  of 
replacement.  Payment  for  plaster  damage,  however, 
is  limited  to  a  maximum  of  50X  of  the  cost  of 
repair,  including  painting,  baaed  upon  Air  Force 
•xperlence  that  sonic  booms  will  not  cause  damage 
to  new  plaster.  Exceptions  to  this  policy  are  made 
for  such  rare  situations  as  when  green,  newly-set 
plaster  is  damaged  as  a  result  of  a  sonic  boom. 
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The  table  below,  which  vu  taken  fro*  this  paper, 
presents  a  list  of  dales  for  sonic  boo*  damage  in 
all  types  and  categories  which  have  been  presented 
to  the  Air  Force  since  1956.  Many  or  these  clelas 
for  the  years  prior  to  1960  involved  specific 
accidental  low-level  incidents.  It  can  be  seen 
iron  this  table  that  over  a  third  of  all  sonic 
boom  damage  claims  since  1956  have  been  approved 
in  whole  or  in  part. 
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Summary  of  tonic  boom  chains  presented  in  the  United  Slates  to  the  Air  Force 


The  paper  goes  on  to  summarize  the  claims  resulting 
from  various  sonic  boom  field  tests,  such  as  those 
st  Oklahoma  City  (see  capsule  summary  HRSC-J4*  It 
also  discusses  personal  injury  claims  and  claims 
Involving  damage  to  animals. 

The  study  showed  that  the  number  of  cases  of  per¬ 
sonal  injury  and  injury  to  animals  was  extremely 
low.  There  were  3.5  cases  of  personal  injury  per 
109C  claims  on  a  nationwide  basis  i;i  1966.  For 
animal  injuries  the  rate  was  13  per  1000  nationwide 
in  1966.  It  is  pointed  out  that  riost  of  the 
claims  for  personal  injury  received  by  the  Air 
Force  havs  beer,  of  an  indirect  nature.  The  claims 
usually  involve  such  incidents  ss  persons  struck 
by  falling  objects  or  having  been  startled  into 
injuring  themselves.  Although  .ccasional  claims 
for  loss  of  hearing,  nervousness,  or  shock  have 
been  received  without  accompanying  physical  con¬ 
tact,  these  claims  have  not  been  favorably  consid¬ 
ered. 


This  paper  gives  an  excellent  summary  of  the  extent 
of  damage  claims  in  the  United  States  during  the 
period  1956-68. 
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DYNAMIC  KESFun.St  uF  STRUCTURAL  ELEMENTS  EXPOSED  TO 

SONIC  BOOMS 

D,  If.  Cheng,  J.  E.  Benveniste 

NASA  CR-1281,  March  1969 

A  summary  of  analytical  results  on  the  subject  of 
dynamic  response  of  structural  elements  exposed  to 
sonic  booms  (see  capsule  summaries  28,  40,  and  41, 
for  example)  Is  presented  in  this  report.  The 
structural  elements  of  interest  are  uniform  beams 
and  plates  with  various  boundary  conditions.  The 
disturbances  ere  represented  by  a  variety  of  boom 
signatures  which  approximate  those  obtained  from 
field  measurements. 


Responses  of  structural  eleoeuts  to  a  unit  impulse 
and  Co  a  unit  force  are  firat  obtained.  This 
enables  a  comparison  to  be  made  of  the  relative 
dynamic  affects  of  an  N-ahaped  pressure  pulse  and 
an  N-shaped  traveling  wave  on  a  simple  structure. 

It  Is  followed  by  a  study  of  the  effects  of  bound¬ 
ary  restraints  using  an  N-shaped  pressure  pulse. 

based  on  the  results  due  to  such  idealized  boom 
signatures  as  sine  pulse,  half  cosine  pulse,  tri¬ 
angular  pulse,  N-shaped  pulse,  and  N-shaped  pulse 
with  spikes,  two  simplified  methods  in  evaluating 
sonic  boom  effects  on  structural  elements  are  pro¬ 
posed:  One  requires  only  the  knowledge  of  the  peak 
pressure  and  the  other,  the  positive  impulse. 

Neither  requires  the  specification  of  the  exact 
shape  of  the  boom  signature. 

The  above  methods  are  shown  to  be  very  simple  to  use 
and  are  applicable  to  structural  elements  which  are 
always  in  contact  with  the  supports.  As  shuwn  in 
an  earlier  paper  by  Benveniste  and  Cheng  (see  cap¬ 
sule  summary  SR-40),  considerably  higher  dynamic 
eifects  can  be  expected  in  the  unusual  case  where 
the  structural  element  is  loosely  bound  to  its  sup¬ 
ports  and  can  therefore  rattle  in  the  wake  of  sonic 
boom  disturbances.  Depending  on  the  relative  stiff¬ 
ness  of  the  structural  clement  and  its  support  and 
other  factors,  the  dynamic  shear  may  increase  much 
more  rapidly  than  the  dynamic  moment.  As  a  result, 
the  tensile  stress  induced  by  shear  at  the  supports 
may  become  the  dominant  cause  for  damage  In  struc¬ 
tural  elements  made  of  brittle  construction  material. 
This  is  illustrated  In  the  appendix  by  a  rattling 
beam  subjected  to  an  N-shaped  pulse. 

This  is  a  good  brief  summary  of  the  state  of  the 
theory  as  of  1969  concerning  the  dynamic  response 
of  structural  elements  to  sonic  booms. 
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SONIC  BOOM  DAMACE  TO  STRUCTURES 

.1.  H.  Wiggins,  Jr. 

Institute  of  Environmental  Sciences,  Engineering 

Societies  Library,  April  20,  1969,  pp.  189-197 

This  paper  ueals  with  the  prediction  of  the  type, 
amount  and  nature  of  damage  that  can  be  expected 
from  supersonic  aircraft  overflights.  Three  basic 
methods  are  presented  for  studying  and  predicting 
such  damage.  These  are  the  "inductive  approach,'1 
the  "deductive  approach,"  and  the  field  teat 
method. 

The  inductive  approach  involves  the  separate  study 
of  interdependent  parameters  from  boom  to  damage. 
Knowing  specific  aircraft  design,  weather,  and 
flight  conditions,  the  free-field  wave  characteris¬ 
tics  can  be  predicted.  The  structural  design 
variables  can  then  be  used  iq  construct  leading 
functions  and  applied  to  a  structure  having  cer¬ 
tain  size,  mass,  stiffness,  ar.d  damping  character¬ 
istics,  Thus,  the  maximum  structural  response 
achieved  during  the  dynamic  loading  period  or 
effective  static  load  can  be  derived.  If  the 
material  strength  and  the  strength-reducing  or 
stress- raising  conditions  present  in  each  element 
are  also  known,  then  a  damage  prediction  from  the 
supersonic  aircraft  considered  can  be  made.  With 
an  appreciation  for  the  damage  that  can  be  expected 
from  individual  elements  as  well  as  the  distri- 
buti'  i  of  each  elenet-.  throughout  the  overflight 
pattern,  a  prediction  of  total  damage  can  be  made. 


The  deductive  approach  involves  the  overflight  of 
cities  by  certain  supersonic  aircraft,  which  pro¬ 
duces  damage  claims.  These,  upon  investigation  and 
ana lysis,  result  in  some  idea  of  the  damage  to  be 
expected  from  these  aircraft.  By  relating  this 
damage  expectancy  to  the  supersonic  aircraft  in 
question,  damage  to  particular  categories  of  struc¬ 
tural  elements  can  be  predicted.  Knowing  the 
structural  distribution  along  the  overflight 
path  allows  a  total  damage  prediction  per  flight 
to  be  made. 

A  third  method  for  evaluating  damage  is  to  conduct 
limited  field  teats  in  which  engineers  make  con¬ 
dition  surveys  prior  to  and  after  an  overflight. 
Results  of  these  types  of  studies  are  shown  to  be  in 
good  agreement  with  those  of  the  other  two  methods. 

It  is  concluded  that  it  is  possible  to  predict  with 
limited  but  reasonable  accuracy  the  type,  amount, 
and  nature  of  damage  that  can  be  expected  from  super- 
supersonic  overflights  using  both  inductive  and 
deductive  means  of  analysis  as  well  as  test  results. 
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BUILDING  VIBRATIONS  DUE  TO  AIRCRAFT  NOISE  AND  SONIC 
BOOM  EXCITATION 

H.  D.  Carden,  D.  S.  Findley,  and  W.  H.  Mayes 
American  Society  of  Mechanical  Engineers,  69-WA/GT-8, 
Paper  Presented  at  ASME  Annual  Winter  Meeting,  Los 
Angeles,  Calif.,  Nov.  16-20,  1969 

The  results  from  Investigations  of  the  vibration 
response  characteristics  of  residential  type  struc¬ 
tures  to  sonic  booms  and  aircraft  noise  are  presented 
In  this  paper.  Only  the  results  concerning  sonic 
boom  effects  will  be  summarized  here.  The  data  upon 
which  the  investigation  is  based  were  obtained  in 
the  Edwards  Air  Force  Base  sonic  boom  experiments 
(see  capsule  summa-y  SR- 39) . 

An  analysis  of  the  low  frequency  boom  induced 
motions  showed  that  the  modes  Involve  the  diaphragm 
motions  of  the  walls,  floors,  and  ceilings.  The 
response  patterns  were  found  to  demonstrate  strong 
structural  interactions,  which  may  have  Involved 
both  the  structure  and  the  trapped  air  in  the  rooms, 
resulting  in  preferred  model  patterns  involving  not 
only  adjacent  components,  but  also  those  located 
remotely.  The  forced  excitation  results  also  Indi¬ 
cated  that,  since  the  fundamental  frequencies  assoc¬ 
iated  with  walls  of  different  width  occur  In  a 
rather  narrow  frequency  hand,  the  structural  inter¬ 
actions  are  enhanced. 

For' a  much  more  extensive  discussion  of  the  struc¬ 
tural  response  results  obtained  In  the  Edwards  AFB 
tests  see  capsule  summary  SR-39. 

SR- 56 

AN  EXPERIMENTAL  ASSESSMENT  OF  THE  POSSIBILITY  OF 
DAMAGE  TO  LEADED  WINDOWS  BY  SONIC  BANGS 
F.  L.  Hunt 

Royal  Aircraft  Establishment,  Technical  Report  69282, 
December  1969 

In  the  investigation  described  in  this  report 
leaded  windows  were  exposed  to  simulated  sonic 
boosts  generated  using  the  explosive  technique 
developed  by  Hawkins  and  Hicks  (see  capsule 


summary  SH-2  ).  An  array  of  leaded  windows  were 
used  in  the  test.  A  plain  glass  window  was  in¬ 
cluded  in  the  array  so  that  its  vibration  response 
to  boome  could  be  compared  with  that  of  the  similar 
slxed  leaded  window  that  was  next  to  it,  and  so 
that  gloss  stresses  could  be  compared  between  the 
two  windows.  The  size  of  the  windows  le  not  given. 
The  plain  window  was  of  32  os.  gloss,  which  is  about 
0.15  in.  thick.  The  larger  central  panes  of  the 
leaded  window  were  24  ox.  gloss,  which  is  0.1  In. 
thick,  while  the  edge  pones  were  of  32  oz.  glass. 

The  leaded  windows  were  supported  by  steel  saddle 
bars  of  0.375  in.  square  section.  The  ends  of 
these  were  firmly  fixed  into  the  window  frames 
and  wired  to  the  lead  strips  of  the  windows  in  the 
conventional  manner.  One  of  the  saddle  bars 
associated  with  the  weakest  window  was  purposely 
omitted  so  that  the  vibration  of  the  window  at 
that  point  could  be  compared  with  the  vibration  of 
the  conventionally  supported  part  of  the  same 
window.  The  windows  were  fixed  by  wood  beading 
into  a  strong  timber  frame  that  was  fitted  into 
a  brick  building  which  was  specially  erected  on 
the  test  site. 

The  windows  were  subjected  to  s  total  of  25  ex¬ 
plosive  simulated  sonic  booms,  the  maximum  over¬ 
pressure  being  5.0  psf.  The  windows.  Including 
the  one  which  was  in  poor  condition  before  the 
tests,  were  in  no  way  damaged  by  the  booms.  It 
was  found  that  the  booms  caused  lower  strains  in 
the  glass  of  a  leaded  window  than  In  the  plain 
glass  window  of  the  seme  size.  No  cumulative  and 
permanent  distortion  of  the  leaded  windows  was 
observed  as  a  result  of  the  simulated  booms,  but 
it  was  felt  that  more  research  on  this  particu¬ 
lar  topic  wss  needed. 

The  leaded  windows  were  found  to  have  high  inherent 
damping.  As  a  result,  it  is  concluded  that  their 
susceptibility  to  extra  damage  due  to  coincidence 
effects  between  typical  sonic  boom  durations  and 
window  natural  period  is  very  low. 

It  was  found  thst  the  deflection  of  the  window 
having  the  saddle  bar  removed  from  one  side  was 
twice  as  much  on  the  side  having  no  saddle  bar 
as  on  the  side  with  the  saddle  bar.  As  s  result 
of  this  finding  it  -is  concluded  that,  if  the 
risk  of  dsmage  is  to  be  minimized,  the  fixings  of 
the  bars  and  the  wire  attachments  must  be  main¬ 
tained  in  good  condition. 

A  later  paper  by  Hunt  (see  capsule  summary  SR-60) 
presents  the  results  of  on  investigation  In  which 
leaded  windows  were  exposed  to  on  actual  sonic 
boom.  No  damage  to  the  windows  wss  observed  in 
that  experiment  either. 

This  wss  a  significant  investigation,  since  prev¬ 
ious  to  it  very  little  was  known  concerning  the 
effects  of  sonic  booms  on  the  type  of  glass  used 
in  church  windows. 


SR-57 

STRUCTURAL  RESPONSE  TO  SONIC  BOOMS 
M.  J.  Crocker  and  R.  R.  Hudson 

Journal  of  Sound  snd  Vibration,  Vol.  9,  No.  3,  1969, 
pp.  454-468 


In  this  paper  the  response  of  a  (leaped  spring- 
aeas  eystea  to  an  N-wave  is  examined.  In 
particular,  the  dependence  of  the  response  upon 
the  rise  tine  of  tha  N-vave,  upon  the  ratio  of 
total  to  positive  phase  duration,  and  upon  struc¬ 
tural  daaping.  is  deterainad.  The  cases  of  response 
to  N-waves  with  shock  reflection  and  to  repeated 
S-waves  are  also  studied. 

The  results  are  given  in  terns  of  dynaaic  magni¬ 
fication  factors.  For  any  particular  value  of  the 
non-dimens localized  frequency  ft  (here  f  is  the 
undamped  resonsnt  frequency  of  the  system  end  t 
is  the  duration  of  the  positive  phase  of  the 
N-vsve) ,  the  dynamic  magnification  factor  is 
defined  ss  the  greatest  maximum  or  minimum  value 
of  the  normalized  displacement  which  can  occur. 

It  is  so  namad  because  it  represents  the  ratio 
of  dynaaic  displacement  of  the  system  to  the  dis¬ 
placement  that  would  occur  under  a  static  load 
equal  to  the  peak  overpressure  of  the  sonic  boom. 

It  is  shown  that  increasing  the  values  of  s,  r, 
and  u  (here  s  is  ratio  of  total  to  positive  phase 
duration,  r  is  the  ratio  of  N-wave  rise  time  to  t, 
and  u  is  the  ratio  of  the  reflection  shock  pulse 
length  to  t)  tends  to  produce  higher  dynamic  mag¬ 
nification  factors  and  to  cause  some  shift  in 
the  non-diroe nsionalized  frequency  ft  at  which  peak 
responses  occur.  However,  increasing  values  of 
structural  damping  ratio  i  are  shown  tc  cause  s 
narked  decrease  in  response,  particularly  for  free 
motion  as  ft  increases,  A  final  curve  incor¬ 
porating  these  findings  of  dynaaic  magnification 
factor  versus  ft  was  plotted  which  envelopes  the 
effects  of  varying  positive  to  negative  phase 
duration,  rise  time,  shock  reflections,  and  struc¬ 
tural  daaping.  In  drawing  this  curve,  upper  values 
of  s,  r,  and  u  and  a  representative  value  of  6  were 
chosen.  This  curve,  which  is  shown  below,  may  be 
used  to  determine  the  possibility  of  damage  due 
to  overflights  of  a  supersonic  transport. 
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Emctopt  of  dynamic  mafmficttio*  factor  curres  for  utt  In 
autssimt  pwibiUty  of  damage  due  to  mpertonk  trantport 
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In  a  later  paper  (see  capsule  summary  SR-76) 

P.  deTricaud  measured  the  natural  frequencies  of 
building  partitions  and  windows.  Those  results 
can  be  used  together  with  the  results  of  the 
present  paper  tc  get  a  quick  rough  calculation  of 
the  manner  in  which  these  particular  structural 
elements  will  respond  to  a  particular  aonic  boom 
signature. 

This  study  formed  the  basis  for  most  subsequent 
invest igst ions  involving  the  use  of  dynamic  mag¬ 
nification  factors. 


SR-58 

RESPONSE  OP  BOX-TYPE  STRUCTURES  TO  SONIC  BOOMS 
Nall  Popplewell 

Ph.D.  Thesis,  University  of  Southampton,  Institute 
of  Sound  and  Vibration  Reaaarch,  1969 


Expariaental  and  computational  methods  are  pre¬ 
sented  in  this  thesis  which  determine  tha  response 
of  a  box-type  structure  to  traveling  arbitrarily 
shaped  aonic  boom  waves.  Tha  computational  method 
assumes  that  the  pressure  inside  the  structure  can 
be  neglected.  Thus,  there  is  no  internal  acoustic 
coupling  between  structural  subeleoents.  In  order 
to  assess  the  limitations  of  this  assumption,  the 
magnitude  of  the  pressure  inside  the  structure 
must  be  known.  This  internal  pressure  usually  pro¬ 
vides  an  additional  contribution  to  the  stiffness 
of  each  individual  structural  subelement.  The  most 
flexible  subeleoents  will  be  most  affected  by  the 
internal  pressure.  Hence,  the  present  theory  is 
mainly  applicable  to  the  response  of  the  stiffest 
subelements  such  as  walls  and  ceilings,  rather 
than  flexible  subeleoents  such  ss  windows. 

The  free  vibration  characteristics  of  a  simple 
box-type  structure  were  evaluated  using  rectangular 
finite  elements  and  the  results  were  compared  with 
an  exact  solution.  Excellent  agreement  was  found 
for  the  natural  frequencies  and  mode  shapes  when 
only  a  small  number  of  elements  were  used  in  the 
box's  idealization. 

This  method  was  extended  to  determine  the  time 
history  of  the  mathematical  model's  response  to  a 
traveling  wave.  The  theoretical  results  were  com¬ 
pared  with  the  experimental  response  of  a  physi¬ 
cally  scaled  down  model  to  a  simulated  sonic  boom. 
The  comparison  indicates  that  reasonable  theoreti¬ 
cal  estimates  of  the  experimental  model's  response 
to  a  traveling  wave  can  usually  be  obtained  with  a 
minimum  description  of  the  wave  and  model  charac¬ 
teristics.  Discrepancies  occur,  however,  when  a 
traveling  wave  has  a  small  pressure  component  at  a 
frequency  corresponding  to  the  natural  frequency 
of  a  significant  mode.  Under  these  circumstances, 
the  experimental  model 's  response  is  extremely 
sensitive  to  small  changes  in  the  internsl  pres¬ 
sure,  traveling  wave  or  model  characteristics. 

The  main  difference  between  the  theoretical  and 
experimental  models'  responses  was  found  to  be 
due  to  an  Inadequate  theoretical  description  of 
the  wave's  flow  over  the  model.  In  particular, 
the  theoretical  description  of  the  flow  over  the 
model's  bock  face  was  found  to  be  much  too  simpli¬ 
fied.  Consequently,  the  greatest  discrepancy 
between  the  experimental  and  theoretical  results 
occurred  on  thin  face. 


The  following  are  some  of  the  conclusions  reached 
ss  s  result  of  this  study: 

1.  A  detailed  investigation  of  the  variation  in 
overall  peak  acceleration  showed  that  it  tends 
to  decrease  with  increasing  i/L  (here  >.  is  the 
free-field  wavelength  of  sonic  boom  and  L  is 
the  maximum  structural  length  in  the  direction 
of  the  sonic  boom's  propagation).  This  was 
found  to  be  the  case  for  both  the  experimental 
model  (open  and  closed  boxes)  sod  the  full 
scale  structure. 
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2,  the  experimental  peek  acceleration#  of  the 
closed  model  can  ba  seven  times  treater  than 
its  peak  accelerations  due  to  a  unit,  instanta¬ 
neous  step  pressure  acting  on  all  faces. 

j.  The  greatest  acceleration  of  any  face  always 
,  occurs  when  the  N-wave  is  acting  normally  to 
that  face. 

4.  Introducing  a  large  opening  into  the  model's 
front  face  can  increase  the  peak  accelera¬ 
tions  of  the  back  and  side  faces  by  a  factor 
of  two.  This  amplification  is  due  to  the 
increased  internal  pressure. 

5.  The  peak  acceleration  tends  to  be  independ¬ 
ent  of  the  sonic  boom's  excitation  frequency! 
convection  and  angle  of  incidence  at  low 
excitation  frequencies. 

b.  The  rise  time  of  the  sonic  boom  is  signi¬ 
ficant.  Its  effect  is' mainly  restricted  to 
the  structure's  front  face.  Decreasing  the 
rise  time  increases  the  peak  acceleration  of 

the  front  face.  ‘ 

* 

7.  The  most  important  parameter  at  inter¬ 
mediate  excitation  frequencies  is  the  degree 
of  matching  between  the  structure's  natural 
frequencies  and  the  sonic  boom's  excitation 
frequency.  There  may  be  an  upsurge  in  the 
structure's  peak  accelerations  when  the 
excitation  frequency  is  similar  to  any  one 
of  the  structure's  natural  frequencies. 

8.  The  wave's  convection  is  most  significant 
at  high  excitation  frequencies. 

Many  r.rovious  investigations  had  been  conducted 
dealing  with  the  response  of  individual  struc¬ 
tural  elements,  such  as  beams  and  plates,  to  aonic 
booms.  See  capsule  suooaries  SB-28,  SR-40,  SR-41, 
SR-45,  SR-48,  SR-53,  and  SR-57).  However,  the 
present  investigation  was  the  first  to  develop  a 
theory  describing  the  response  of  a  complete  box- 
type  structure  composed  of  such  elements  to  sonic 
booms, 

SR-59 

THE  EFFECTS  OF  SONIC  BOOM 

,J.  H.  Wiggins,  Jr. 

J.  il.  Wiggins  Co.,  1969 

This  handbook  was  developed  in  conjunction  with  e 
course  whose  purpose  was  to  acquaint  civil 
engineers  wlti:  the  theory  of  sonic  booms  and 
their  effects  on  structures  so  that  these  engineers 
could  process  boom  damage  claims  fairly  and  ef¬ 
ficiently.  A  general  description  is  given  of  the 
materials  important  to  sonic  boom  knowledge. 

Figures  from  various  sonic  boom  reports  were 
reproduced,  referenced,  and  incorporated  into 
the  text  to  give  s  broad  but  concise  picture  of 
what  the  huge  bibliography  given  at  the  end  of 
the  book  contains. 

The  following  topics  are  covered!  (1)  generation 
and  propagation  of  sonic  boom  shock  waves;  (2)  fac¬ 
tors  affecting  the  loading  waveform;  (3)  the  re¬ 
sponse  of  elastic  structures  to  dynamic  loads; 

(A)  dynamic  amplification  factor  spectrum;  (9)  the 
measured  behavior  of  typical  structural  elsaents 
under  various  sonic  boom  conditions;  (6)  the 
statistical  variation  of  sonic  boom  and  damage 


evaluation  procedures;  and  (7)  suggested  pro¬ 
cedures  for  inspecting  and  evaluating  sonic  boom 
damage  claims. 

This  is  excellent  sussury  of  the  state  of  know¬ 
ledge  as  of  1969  concerning  structural  response 
to  sonic  booms. 

SR-60 

THE  RESPONSE  OF  LEADED  WINDOWS  IN  WISBECH  PARISH 
CHURCH  TO  SONIC  BANGS 
F.  L.  Hunt 

Royal  Aircraft  Establishment,  Technical  Report  70029, 
February  1970 

In  this  investigation  the  response  of  three 
leaded  windows  in  various  states  of  repair  to  an 
actual  sonic  boom  was  measured.  The  sonic  boom 
hsd  a  free  field  effective  overpressure  (obtained 
from  the  recording  by  extending  the  essentially 
straight,  sloping  line  between  the  bow  and  stern 
shocks  to  the  onsot  of  the  bow  shock)  of  1  psf 
and  a  signature  interval  of  approximately  100  ms. 
The  recorded  effective  overpressure  on  the  wall  af 
the  church  in  which  the  leaded  windows  were 
mounted  was  2  psf. 

None  of  the  three  windows,  one  of  which  was  in 
very  poor  condition,  appeared  to  be  damaged  by 
the  boom.  However,  the  author  points  out  that 
there  is  still  the  possibility  that  continued 
exposure  to  frequent  sonic  booms  will  accelerate 
a  window's  gradual  deterioration  that  is  caused 
by  weather  and  the  window's  noise  and  vibration 
environment. 

An  earlier  paper  by  Hunt  (see  capsule  suaoary 
3R-56)  presents  the  results  of  an  Investigation 
in  which  leaded  windows  were  exposed  to  simulated 
sonic  booms  up  to  5  psf  in  Intensity.  No  window 
damage  was  observed  in  that  experiment  either. 

This  Investigation  was  much  too  limited  in  scope 
to  lead  to  any  conclusive  findings. 

SR-61 

MEASURED  VIBRATION  RESPONSE  CHARACTERISTICS  OF 
FOUR  RESIDENTIAL  STRUCTURES  EXCITED  BY  MECHANICAL 
AND  ACOUSTICAL  LOADINGS 
H.  D.  Cardan,  W.  H.  Mayes 
NASA  TN  D-5776,  April  1970 

This  report  contains  basically  the  same  material 
as  an  earlier  psper  by  Csrden,  Findley,  and 
Mayes  (see  capsule  suaauury  SR-55).  The  reader  is 
referred  to  that  capsule  susmtary  for  details  of 
this  work. 


SR-62 

LINEAR  AND  NONLINEAR  RESPONSE  OF  A  RECTANGULAR 
PLATE  SUBJECTED  TO  LATERAL  AND  INPLANE  SONIC  BOOM 
DISTURBANCES 

L.  J.  Knapp  and  David  H,  Cheng 
NASA-CR-66936,  April  1970 

In  this  report  the  transient  response  of  a  rec¬ 
tangular  window  pane  exposed  to  an  N-wave  is 
studied  using  both  linear  and  nonlinear  theories. 
The  ,onic  boom  causes  a  lateral  disturbance  in 
the  form  of  an  N-shaped  pressure  pulse  and  an 
inplane  disturbance  in  the  form  of  a  sinus¬ 
oidal  pulse. 
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It  is  ahown  that  in  tht  linear  theory  the  im¬ 
position  of  lateral  and  inplane  pulses  aay  be 
slnultsneou*  or  separated  by  a  brief  tin*  delay. 

In  addition  there  My  be  a  static  inplane  load. 

Due  to  the  inplane  alnueoidal  pulse ,  the  aquation 
of  notion  ia  of  the  Mathieu  type.  An  lap roved 
procedure  in' solving  Mathleu's  equation  is 
presented.  The  effects  of  the  inplane  static 
and  dyuaaic  loads,  the  pulse  durations,  and  the 
tine-lag  are  Included  in  the  study. 

In  the  nonlinear  theory,  in  addition  to  the  usual 
siMply-supported  boundary  conditions,  two  sets  of 
inplane  boundary  conditions  are  specified:  Mov¬ 
able  vertical  sides  and  iMovable  vertical  aides. 
For  both  sets  of  inplane  boundary  conditions, 
the  longitudinal  inertia  of  the  plate  ia  either 
neglected  or  considered  by  sasuning  that  the 
longitudinal  aaaa  ia  concentrated  at  the  top  of 
the  plate.  The  equations  of  Motion  are  reduced 
to  a  set  of  ordinary  oonlinaar  coupled  dif¬ 
ferential  equations  by  using  the  Calerkin  Method. 
These  equations  are  solved  nuMericallv  by  HsMing's 
Modified  predictor-corrector  integration  Method. 

The  effects  of  the  dynaalc  inplane  load,  the  lat¬ 
eral  overpressure,  and  the  Movable  and  1  Movable 
vertical  sides  are  studied. 

A  comparison  of  the  results  obtained  by  using 
linear  theory  to  those  obtained  using  the  nonlinear 
theory  shows  then  to  be  alnost  identical  for  an 
N-wave  overpressure  of  1  paf.  This  was  not  felt 
to  be  surprising  since  the  latersl  deflection  in 
this  case  is  always  less  than  0.1  of  the  thick¬ 
ness  of  the  plate.  For  an  overpressure  of  2  paf, 
nowever,  it  is  found  that  the  deflections  obtained 
by  the  linear  theory  can  be  aore  than  102  larger 
than  those  obtained  by  the  nonlinear  thaory. 
Therefore,  the  stresses  predicted  by  the  linear 
theory  can  be  More  than  10Z  off  of  those  obtained 
by  the  nonlinear  theory.  It  is  concluded  there¬ 
fore  that  if  a  I0Z  error  is  tolerated,  the  linear 
theory  gives  acceptable  results  if  the  lateral 
deflection  is  confined  to  be  less  than  one-half 
the  thickness  of  the  plate. 

This  report  was  the  first  to  Investigate  the 
Importance  of  nonlinear  effects  in  the  deflection 
of  glass  by  sonic  boom.  Since,  as  shown  by 
Wiggins  (see  capusle  turnery  SR-21) ,  the  over¬ 
pressures  required  to  break  properly  Mounted  glass 
are  usually  such  greater  than  2  paf  (except  in  the 
ccse  of  very  large  windows) ,  the  use  of  a  linear 
theory  to  predict  glass  breakage  due  to  sonic 
hoops  will  be  valid  only  for  a  Halted  class  of 
windows.  If  the  results  of  the  present  report  are 
correct. 


SR-63 

PENETRATION  OF  A  SONIC  ROOM  INTO  WATER 
R.  K.  Cook 

The  Journal  of  the  Acoustical  Society  of  America, 
Voi.  47,  No.  5  (Part  2),  May  1970,  pp,  1430-1936 

Tha  analysis  presented  in  this  paper  has  two  Min 
purposes.  The  first  is  to  find  the  sound- 
pressure  distribution  underwater  caused  by  a 
sonic  boon  incident  on  the  water  surface.  The 
second  is  to  find  the  wavefora  of  the  wave 
reflected  into  the  atmosphere  froa  the  sur¬ 
face  of  the  water. 


At  speeds  leas  than  1000  n/sec,  the  N-wave 
generated  by  an  aircraft  in  level  flight  has 
an  angle  of  incidence  (on  the  water  surface) 
greatar  than  19*.  This  ninlmuM  angle  of 
incidence  ia  greater  than  the  critical  angle 
for  the  passage  of  a  sound  wave  free:  air  into 
water,  which  is  stated  to  be  about  14*.  Each 
sinusoidal  component  of  the  N-wave  Is  therefore 
totally  reflected  fro*  the  surface  and  Is 
accOMpaaied  by  ■  plane  wave  In  the  water  having 
a  subsonic  phase  velocity,  whose  sound  pressure 
aaplitude  decreases  exponentially  with  depth 
balow  the  surface. 

The  general  procedure  consists  of  the  use  of  the 
Fourier  Integral  Method  to  solve  the  Cauchy 
problem  posed  by  the  sonic  boon  penetration  into 
water.  In  the  first  step  the  reflected  and  re¬ 
fracted  waves  for  an  incident  sinusoidal  wave  are 
found.  The  second  step  la  to  find  the  Fourier 
transform  of  the  incident  N-wave.  Finally,  the 
total  reflected  and  refracted  waves  (caused  by  the 
N-wave)  are  found  by  linear  superposition  of  the 
effects  of  the  incident  sinusoidal  components. 

Using  the  above  procedure,  expressions  are  derived 
which  describe  the  sound  field  underwater  and  the 
reflected  wave.  The  expressions  indicate  the  fol¬ 
lowing: 

1.  The  penetration  depth,  conprising  well  over 
half  of  the  underwater  energy,  la  about  the 
sane  as  the  length  of  the  N-wave  on  the 
surface. 

2.  The  analysis  shows  that  the  wave  reflected 
into  the  atMOsphere  has  (a)  two  infinitely 
large  presaure  spikes  st  the  leading  and 
trailing  edges  of  the  N-wave,  and  (b)  a  weak 
precursor  and  a  weak  tail.  The  sane  is  true 
of  the  underwater  wav*  just  at  the  surface. 

The  spikes,  precursor,  and  tail  have  posi¬ 
tive  pressures  and  are  even  functions  of 
distance  fro*  the  center  of  the  K-vave. 

In  an  earlier  paper  (see  capsule  summary  SR-51) 
Sawyers  also  derived  an  expression  for  the  under¬ 
water  sound  pressure  induced  by  sonic  boons. 
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AN  EXPERIMENTAL  STUB?  TO  DETERMINE  THE  EFFECTS 
OF  REPETITIVE  SONIC  BOONS  ON  CUSS  BREAKACE 
C.  C.  Kao 

Federal  Aviation  Administration  Report  So.  FAA-NO-70-13, 
June  1970 

The  Min  objective  of  the  program  discussed  in 
this  paper  was  to  detatmlse  the  cumulative  damage 
effect  on  glass  of  rapetltive  sonic  boons.  Xr. 
order  to  evaluate  such  phenomena  experiment¬ 
ally,  a  pneuMtlc-pistonphone  simulator  was 
developed  and  used  successfully  to  teat  glass 
specimen*  under  simulated  sonic  boom  overpres¬ 
sures. 

A  schematic,  which  was  taken  from  this  report, 
of  the  sonic  boon  simulator  ia  shown  below.  The 
shaping  of  N -waves  in  the  simulator  la  achieved 
by  Modulating  the  airflow  through  the  two  alr- 
strean  Modulating  valves  (the  inlet  and  outlet 
valves)  under  a  constant  compressor  pressure. 

The  essentlsl  psrt  of  the  entire  waveform 
synthesizing  cycle  ia  the  shaping  of  tha  elec- 


trical  control  signals  used  to  generate  a  series 
of  rapid  interruptions  of  airflow  through  the 
valves.  The  simulator  is  capable  of  producing 
simulated  sonic  boon  pressure  signatures  with 
rise  times  of  10-20  Milliseconds,  variable 
cnplltudes  of  1-100  psf,  and  variable  durations 
of  50-400  Billiseconds. 


Schematic  of  imrnktor 

The  glass  specimen  dimension*  were  typically 
4#*'  x  48"  x  3/32".  Preliminary  static  strength 
tests  were  conducted  on  two  sixes  of  new  (pre¬ 
viously  unused}  single  strength  glass  to  deter¬ 
mine  mean  values  and  probability  distributions 
of  incipient  failure  pressures,  and  a  few  such 
tests  were  conducted  for  used  (scratched  and 
weathered)  glass  specimens.  The  results  for 
the  new  glass  static  failure  pressure  of  25.6 
;.sf  and  e  standard  deviation  of  4.5  psf.  For 
new  glass  20”  x  20"  x  3/32"  the  mean  static 
failure  pressure  was  239.0  psf  with  a  standard 
deviation  of  72.5  psf. 

The  emphasis  in  these  experiments  was  on  the 
cumulative  damage  f roe  a  large  number  of  booms. 
The  data  obtained  concerning  this  topic 
are  shewn  in  the  table  below,  which  was  taken 
froa  this  paper. 
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Baaed  upon  the  above  data  the  following  con¬ 
clusions  were  reached: 

t-  Frc-s  the  results  of  tht  repetitive  test 
dst.i  it  is  clear  that:  the  probability 
of  gla^s  damage  to  specimens  subjected 
to  overpressure  levels  of  less  than 


4  psf  la  quite  small;  the  endurance  llait 
for  specimens  tested  is  estimated  between 
14  to  16  paf.  But  the  statistical  results 
auffar  from  statistical  Inaccuracy  due  to 
a  small  number  of  glass  specimens  tested. 
Renee,  these  data  could  not  be  utilized 
to  formulate  a  statistics?  model  to  pre¬ 
dict  glass  damage. 

From  the  results  of  static  teat  data  it 
appears  that  the  affects  of  natural  envir¬ 
onments  reduce  the  breaking  strengths 
of  the  used  glass  as  compared  to  that 
recommended  by  currant  design  practices. 

It  la  feasible  tc  apply  the  pneumatic 
pistoupbone  concept  to  generate  pressure 
disturbances  for  simulating  sonic  booms. 
The  pressure  signatures  can  be  controlled 
and  reproduced  reasonably  well  to  syn¬ 
thesize  various  sonic  boon  waveforms. 

The  simulator  can  be  used  efficiently  to 
perform  repetitive  sonic  boot*  testing  of 
structural  panels. 


The  results  of  this  Investigation  are  in  qualita¬ 
tive  agreement  with  those  of  the  White  Sands, 

New  Mexico  sonic  boom  te:ta  (see  capsule  summary 
SR-16) .  In  that  flight  test  investigation  680 
successive  flights  at  overpressures  of  5.0  psf 
were  generated  by  B-5S  and  F-1G4  aircraft  during 
one  period  of  the  study.  Ko  window  damage  was 
found  as  a  result  of  the  cumulative  effects 
of  these  flights. 


The  rise  times  of  the  simulated  sonic  booms 
used  in  this  investigation  (on  the  order  of 
10  msec)  are  such  longer  than  actual  sonic  boos 
rise  times.  However,  since  windows  respond  mainly 

to  the  low  frequencies  of  the  boom  waveform,  this 
large  rise  time  Ray  be  acceptable.  However, 
this  remains  to  be  determined. 


SR-65 

DIFFRACTION  AND  REFLECTION  OF  SONIC  BOOM  WAVES 
B.  M.  Kao,  G.  W.  Zumwalt 

Journal  de  Mecaaique,  Vol.  9,  No,  2,  June  1970. 
pp.  309-324 


In  this  paper  an  analytical  method  is  developed 
to  predict  the  pressure-time  history  of  diffrac¬ 
ted  and  reflected  sonic  boo*  waves  in  the  vicinity 
of  walls  and  corners.  Sonic  boon  wsves  are  repre¬ 
sented  as  acoustic  waves  and  a  solution  is 
derived  for  the  acoustic  wave  equation.  The  theory 
is  then  applied  to  e  particular  problem  to  demon¬ 
strate  its  feasibility.  The  problem  chosen  was 
a  commercial  store  building  is  Oklahoma  City  in 
which  an  8*  x  10*  x  1/4"  plate  glass  window 
was  broken  coincident  with  the  occurrence  of  a 
sonic  boom  test  in  1964.  This  particular  boos 
was  produced  by  an  f-101  aircraft  at  37,742  feet 
altitude  on  a  steady  course  at  a  flight  Mach 
number  of  1.4.  The  resulting  computed  pressure 
time  history  on  the  broken  window  showed  that 
the  effects  of  diffractions  and  reflections  were 
to  increase  the  peak  overpressure  hy  251  over 
that  unaffected  by  the  building  geometry  and  to 
result  in  small  pressure  oscillations  after 
the  passage  of  the  waveform. 
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PENETRATION  OF  SONIC  800M  EMUS*  INTO  THE  OCEAN: 

AS  EXPERIMENTAL  SIMULATION 

J.  F.  Waters ,  S.  E.  Glaaa 

Hydroapac*  Saaearch  Corporation  Report  So.  HRC  TR 

28S,  June  1970 

In  the  experiaental  investigation  d<N>cribed  In 
this  report  the  penetration  of  sound  Into  a 
body  of  va'  r  froa  a  alaulated  airborne  sonic 
boo*  was  measured.  The  experiment  was  acoustically 
scaled.  Dynamite  caps  Mere  used  to  produce  spheri¬ 
cally  spreading  H-vavea  which  Impinged  upon  the 
surface  of  a  flooded  scarry  80  feet  deep  and  300 
feet  vide.  Microphones  at  Che  water  surface  and 
hydrophones  at  various  shallow  depths  were  used 
to  Measure  the  exponentially  attenuating  penetra¬ 
tion  of  the  airborne  pressure  field  into  the 
water,  under  total  reflection  conditions. 

The  portion  of  the  shock  wave  which  was  involved 
in  this  experiment  closely  r.eseabled  a  sonic 
boos  in  peak  pressure  amplitude,  angle  of  inci¬ 
dence,  and  waveshape,  but  had  a  duration  which 
was  about  0.01  that  of  a  typical  sonic  booc. 

It  is  shown  that  this  means  that  the  depths  of 
penetration  of  energy  froa  the  shock  wave  into 
the  water  in  the  experiment  were  about  0.01  as 
great  as  would  occur  for  an  actual  sonic  boon 
incident  upon  the  ocean  surface. 

The  following  conclusions  were  reached  as  a 
result  of  this  investigation: 

1.  The  experiment  resulted  in  verification  of 
predictions  based  on  Sawyer's  theory  of 
S-vave  penetration  into  a  flat  body  of  water 
under  total  reflection  conditions  {see  cap¬ 
sule  summary  SR-51J.  Therefore,  it  is 
believed  that  the  theory  is  valid,  under 
the  restrictions  of  the  assumptions  involved 
in  Its  development. 

2.  The  sound  pressure  spectres  levels  associated 
with  the  penetration  of  sonic  boons  to 
various  depths  in  the  ocean  were  computed, 
based  on  Sawyer’s  theory.  These  predicted 
levels  were  compared  with  measured  typical 
deep-ocean  ambient  noise  spectres  levels 
over  a  wide  rerae  of  frequencies.  At  depths 
of  less  than  a  thousand  feet  the  sonic  boon 
levels  were  appreciably  higher  than  the 
corresponding  sub  lent  noise  levels  only  at 
very  low  frequencies,  froa  about  0.5  to  2G0 
Ha.  The  spectres  levels  at  about  0.1  Ha  of 
ambient  pressure  fluctuations  due  tc  surface 
waves  were  appreciably  higher  than  the  sonic 
boos  peak  spectres  levels. 

3.  The  existing  theory  in  United  is  scope  by 
a  nuefcer  of  assumptions.  The  aircraft  is 
Assumed  to  be  in  horlaontal  flight  at  con¬ 
stant  Speed,  less  than  Mach  4.S,  ever  afi 
extended  Interval  of  time.  The  ocean  surface 
Is  assumed  to  be  flat  and  the  ocean  itself 
to  be  homogeneous.  Results  apply  only  to  a 
snail  region  of  the  Intersection  of  the 
sonic  boos  shock  cone  with  the  ocean  surface. 
Finally,  only  symmetrical  N-vavei  vim  zero 
rise  tines  and  linearly  changing  pressure 
amplitude*  are  considered.  Despite  the 
restrictive  nature  of  these  assumption*,  the 
theory  developed  on  this  basis  is  believed 

tc  be  appropriate  far  application  to  simple 
operational  situations. 


4.  On  the  beers  of  the  acoustically  scaled 
simulstlo  .  it  is  predicted  that  s  ship  on 
the  ocean  surface  which  is  exposed  to  an 
atmospheric  sonic  boos  will  cause  signifi¬ 
cantly  sore  noise  to  go  into  the  water  in 
the  region  of  the  ship,  than  would  have 
ordinarily  penetrated  into  the  water.  The 
physical  eechanisa  for  this  would  he  the 
acoustic  excitation  of  the  ship,  which  is 
a  nearly  closed  air-filled  cavity  floating 
on  the  surface,  followed  by  reyadiation  of 
a  portion  of  the  acouslle  sn-ergy  into  the 
water.  This  reradietec  nol»e  woo  id  ..-ct  be 
attenuated  rapidly  wits  depth  and  frequency, 
as  would  penetrating  noise. 

* 

In  an  earlier  paper  {see^ctyaule  sesaff  SR-44) 
Young  presented  the  results  of  flight  test  mea¬ 
surements  of  sonic  boos  penetration  into  the  ocean 
However,  no  comparison  of  the  results  with  theory 
was  made  in  that  paper. 

This  is  a  good  experimental  demonstration  of  the 
essential  validity  of  Sawyer's  theory. 
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EEe'ORT  CM  THE  SONIC  BOOM  PHENOMENON,  THE  RAKCES  OF 
SONIC  3COM  VALUES  LIKELY  TO  EE  PRODUCES  BY  PLANNED 
5 ST'S,  AND  THE  EFFECTS  OF  SONIC  BOOMS  OS  HUMANS , 
PROPERTY,  ANIMALS,  AND  TERRAIN 

Attachment  A  of  ICAO  Document  8894.  SBr/JI,  Repor' 
of  the  Second  Meeting  of  the  Sonic  Boom  Panel, 
Montreal,  October  12  to  21,  1970 

This  report  is  composed  of  six  chapters,  each 
dealing  with  a  certain  aspect  si  sonic  boos 
phenomena.  The  present  capsule  suswary  summarizes 
only  Chaptar  4  and  Chapter  6,  which  are  respec¬ 
tively  entitled  "Sonic  Soon  Effects  on  Property" 
and  "Sonic  Boos  Effects  or.  Terrain.” 

Chapter  4  susearizc*  the  results  of  tee  various 
structural  response  studies  that  hav#  been  con¬ 
ducted  and  some  of  the  concepts  involved  in  pre¬ 
dicting  structural  reaction  to  sonic  booms.  The 
following  are  some  of  the  conciusiww  reached  as 
a  result  of  this  review: 


Laboratory  and  controlled  overflight  expert™ 
seats  with  non  I  tc  red  structures  were,  gen¬ 
erally  negative  as  regard*  sonic  boon  damage 
from  overpressures  up  to  20  p-sf ;  there  was 
some  extension  of  piss  ter  ana  paint  cracks. 
Controlled  overflight  with  usss-ni  cored 
structures  in  a  range  of  noaifial  overpressures 
from  about  I  to  3.2  psf  resulted  in  damage 
claims  oredseinantlv-  for  etas*  on  the  order 


of  one  per  130,000  population  per  flight, 
with  about  one  in  three  being  judged  valid. 
Suer,  claims- per- exposure  statistics,  while 
useful  as  rules  of  t huso ,  cannot  begin  to 
adequately  reflect  the  structural  variables 
needed  to  predict  response  in  new  situations. 


Flight  test  series  m  Oklahoma  City.  Chicago, 

person  exposures.  The  associates  property 
damage  resulted  In  paid-out  claims  averaging 
about  $220  per  million  boyc— p-eise-n  exposures. 
On  the  average,  frequency  of  c-sid  claims 
for  glass  damage  far  exceeded  that  for  piaster 
damage • 
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boon,  which  contain  most  of  the  acoustical  energy, 
dominate  the  indoor  acoustical  wave  and  the  struc¬ 
tural  dynastic  response,  and  that  their  wave  lengths 
are  much  larger  than  the  dimension  of  the  room. 


3.  Prestressing,  stress  concentrations,  and 
faulty  material  often  found  in  structures 
are  considered  to  account  for  part  of  the 
difference  between  the  results  of  the  moni¬ 
tored  experiments  and  the  unmonitored  experi¬ 
ments.  Another  part  of  the  difference  is 
attributed  to  random  modifications  of  the 
booms  due  to  atmospheric  effects.  The  remain¬ 
der  is  considered  to  arise  from  the  prior 
history  of  the  unmonitored  structures. 

Visible  damage  from  a  sonic  boom,  when  it 
occurs,  will  depend  in  part  on  how  much 
of  the  lifetime  of  the  structure  has  already 
been  consumed. 

Chapter  6  briefly  summarizes  the  results  of  various 
studies  that  have  been  conducted  concerning  the 
seismic  effects  of  sonic  booms  and  the  possibility 
of  avalanches  being  triggered  by  sonic  booms.  The 
following  are  the  main  conclusions  reached  as  a 
result  of  this  review: 

1.  The  motion  of  the  ground  due  to  sonic  boom 
excitation  is  of  relatively  small  amplitude. 
The  fact  that  measurable  ground  motions 
exist  taken  together  with  the  explosive 
character  of  air  loading  suggests  that  ava¬ 
lanches  might  be  triggered  by  sonic  booms 
incident  on  unstable  snow  accumulations; 

up  to  now,  however,  no  direct  evidence  of 
cause  and  effect  la  available.  From  a 
scientific  point  of  vie. ,  there  are  and  will 
continue  to  be  a  large  number  of  unstable 
terrain  features  that  could  be  affected  by 
the  sonic  boom  differently  depending  upon 
their  degree  of  instability  or  particular 
structural  status. 

2.  The  cited  test  series  in  which  sonic  booms 
failed  to  trigger  snow  avalanches  were  car¬ 
ried  out  under  "low"  avalanche  hazard  con¬ 
ditions.  Furthermore,  the  differences 
between  triggering  snow  and  earth  avalanches 
needs  to  be  better  understood. 

These  two  chapters  do  a  good  Job  of  summarizing 
the  state  of  knowledge  as  of  1970  concerning  the 
response  of  structures  to  sonic  booms  and  sonic 
boom  effects  on  terrain. 
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BOOM  ANALOGUES  FOR  INVESTIGATING  INDOOR 
WAVES  AND  STRUCTURAL  RESPONSE 
Sul  Lin 

UTIAS  Technical  Note  No.  158,  Nov.  1970 

This  paper  presents  a  method  of  investigating  the 
amplitude  of  the  indoor  pressure  wave  induced 
by  a  sonic  boom  for  the  case  of  a  partly  open 
window.  This  is  of  Interest  since  previous 
experimental  results  indicated  that  the  maximum 
amplitude  of  the  indoor  wave  is  larger  than  the 
maximum  amplitude  of  the  incident  sonic  boom. 

The  method  used  in  this  investigation  is  an 
electrical  analogue. 

The  problem  considered  Is  a  room  in  a  large 
building.  Its  front  wall  with  an  open  window  is 
exposed  to  sonic  booms.  On  the  other  side  of  the 
room  there  is  a  closed  window.  To  simplify  the 
problem  it  Is  assumed  that  the  rear  closed  win¬ 
dow  is  the  only  structural  member  which  will  be 
excited  by  the  sonic  boom.  It  is  also  assumed 
that  the  low  frequency  components  of  the  uanlc 


The  mechanical  vibrating  member,  the  rear  closed 
window,  is  represented  by  a  spring-mass-damper 
system.  The  acoustical  system  and  the  single  mech¬ 
anical  vibrating  system  are  then  described  by 
two  differential  equations.  The  mechanical  vibra¬ 
ting  system  is  then  transformed  into  an  acousti¬ 
cal  system  to  get  a  combined  acoustical  system. 

The  equation  describing  this  acoustical  system 
is  shown  to  be  analogous  to  that  describing  an 
electrical  circuit.  Using  this  analogy,  an  elec¬ 
trical  analogue  of  the  acoustical  system  is 
developed.  The  advantages  given  of  using  an 
electrical  analogue  to  simulate  an  indoor  acous¬ 
tical  wave  and  the  structural  dynamic  response 
Induced  by  a  sonic  boom  are  as  follows: 

(1)  the  elect-rical  model  is  easy  to  set  up; 

(2)  the  variables  being  investigated  can  easily 
be  varied  over  a  wide  range;  (3)  the  space  used 
for  the  electrical  equipment  is  very  small;  (A)  the 
voltage  and  the  current  of  the  electrical  circuit 
can  be  easily  measured  with  simple  equipment; 

(5)  the  time  per  test  is  extremely  short;  and 

(6)  the  coat  per  teat  is  very  low. 

The  experimental  results  of  acoustical  response 
obtained  using  the  electrical  analogue  showed 
good  agreement  with  those  of  Vaidya  (see  capsule 
summaries  SR-72  and  SR-73),  indicating  that  the 
electrical,  analogue  is  a  suitable  device  for 
investigating  the  room  response  to  sonic  booms. 
Based  on  the  assumption  that  the  low-frequency 
components  of  the  sonic  boom  dominate  the  Indoor 
acoustical  wave,  thia  analogue  method  is  expected 
to  be  more  accurate  for  booms  of  larger  duration 
or  for  rooms  with  smaller  dimensions. 
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NORMAL  SHOCK  WAVE  REFLECTION  ON  DEFORMABLE  SOLID 

WALLS 

R.  Monti 

Meccanla,  Dec.  1970,  pp.  285-296 

In  this  paper  the  problem  of  the  reflection  of  a 
normal  shock  wave  impinging  on  a  deformable  solid 
wall  is  examined.  Both  the  theoretical  and  experi¬ 
mental  aspects  of  the  problem  are  covered. 

After  a  brief  review  of  the  formulae  governing  the 
shock  wave  propagation  in  a  continuous  medium, 
the  particular  case  of  a  shock  wave  propagating 
In  a  perfect,  constant  heat  capacity  gas  and 
reflecting  on  an  elastically  perfect  solid  is 
examined  and  solved.  The  problem  is  reduced  to 
the  solution  of  s  third  degree  algebraic  equation 
which  is  solved  in  terms  of  the  reflected  shock 
Mach  number  as  a  function  of:  (1)  the  number  of 
degrees  of  freedom  of  the  gas  molecule  (monotomlc, 
diatomic,  etc.);  (2)  the  incident  shock  wave 
strength;  and  (3)  a  single  deformation  parameter 
which  accounts  for  the  gas  Initial  conditions, 
for  the  elastic  characteristics  and  the  initial 
conditions  of  the  Hookian  solid.  Some  numerical 
examples  are  presented  in  which  the  solid 
material  of  a  finite  tb'rknesa,  is  supported  by 
a  rigid  wall.  During  .  ■  'teraction  between  the 
shock  and  the  solid  it  -  jhovn  that  overpressures 
larger  than  the  ones  which  would  be  obtained  for 
a  shock  reflection  or.  a  rigid  surface  car,  bo 
reached. 
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The  second  part  of  the  work  presents  the  experi¬ 
mental  date,  obtained  by  means  of  a  shock  tubs, 
on  normal  shock  reflection  from  particularly 
soft  and  light  naterials  (expanded  foaas).  The 
numerical  results  are  in  good  agreement  with  the 
experimental. results ,  after  a  correction,  was 
made  to  account  for  some  peculiar  experimental 
conditions . 

SR-70 

TRANSMISSION  OF  SONIC  BOOM  PRESSURE  THROUGH  A 
WINDOW  PANE 

J.  E.  Benveniste  and  D.  H.  Cheng 
NASA  CR-111846,  1970 

In  this  paper  the  pressure  transmitted  through 
a  square  window  for  a  normal  N-vave  is  computed 
under  the  assumption  that  the  window  is  set  in 
a  rigid  baffle.  The  window  is  assumed  square  and 
simply  supported  along  its  edges. 

Starting  with  the  equation  of  motion  for  a  simply 
supported  plate,  the  following  simple  approximate 
formula  is  derived  which  can  be  used  (it  is 
stated)  in  most  cases  commonly  encountered  in 
practice: 

2Pint  -f*T 
g 

where  P  »  interior  pressure 

p  ■  density  of  air 

a 

0^  *  density  of  plate  material 

L  -  side  of  square  plate 

h  »  plate  thickness 

and  4(t)  -  Pext  -  Plnt. 

where  Pext  -  exterior  pressure,  and 

t  »  time  measured  from  instant 
of  incidence. 

This  equation  Is  used  to  show  that  for  usual 
dimensions  the  pressure  transmitted  has  small 
magnitude  (about  0.03S  q(o)). 

It  is  shown  that  the  computed  transmitted  pres¬ 
sures  are  much  less  than  the  internal  pressure 
measured  in  frame  houees  during  sonic  boom  experi¬ 
ments.  It  was  believed  by  the  authors  that  the 
discrepancy  is  due  to  transmission  of  pressure 
through  the  areas  of  wall  and  roof  as  well  es 
windows . 

For  a  discussion  of  the  transmission  of  sonic 
booms  th-ough  open  windows,  see  capsule  summar¬ 
ies  SR-68,  SR-72,  SR-73. 

SR-71 

EXPLOSIVELY  GENERATED  AIR  PRESSURE  WAVES  ’OR  STRUC¬ 
TURAL  FORCINC 

M.  J.  Harper,  S.  J.  Hawkins,  J.  A.  Hicks 
Journal  of  Sound  &  Vibration,  Vol.  II,  No.  2, 

1970,  pp.  217-224 

This  paper  is  “gsentially  the  same  as  an  earlier 
paper  by  Hawtuns  and  Kicka  (see  capsule  summary 
SM-2).  It  does,  howsver,  treat  in  much  greater 
depth  than  the  earlier  paper  the  theory  of 


spherically  aysmetric  explosions  and  highly 
asymmatrlc  sxplosions.  The  rtsder  is  rsferrsd 
to  tha  capsule  summary  of  the  earlier  paper  for 
a  dlacuaslon  of  the  simulation  technique. 

SR-72 

THE  TRANSMISSION  OF  SONIC  BOOM  SIGNALS  INTO  ROOMS 

THROUGH  OPEN  WINDOWS;  PART  Is  THE  STEADY  STATE 

SOLUTION 

P.  G.  Vaidya 

NASA  CR-11  1786,  1970 

In  this  paper,  as  s  first  step  in  calculating 
transient  pressure  tiae-hlstorlas  In  rooms  due  to 
sonic  booms,  a  solution  is  derived  for  the  pres¬ 
sure  field  generated  inside  s  room  due  to  an 
incoming  harmonic  wave,  incident  on  an  open 
window.  The  basic  problems  of  sound  radiation 
and  diffraction,  related  to  this  problem,  are 
first  discussed.  These  are  made  use  of  to 
obtain  a  solution  in  the  case  of  s  room  with 
hard  walls  and  normal  Incidence,  first  by  viewing 
the  room  as  a  te.-minated  duct  and  later  by  the 
Green's  function  method.  The  solution  consists  of 
an  equation  describing  the  sound  field  inside 
the  room.  Detailed  calculations  illustrating 
various  representative  cases  are  presented  in 
part  II  of  this  report  (see  capsule  swnary 
SR-73) . 

SR-73 

THE  TRANSMISSION  OF  SONIC  BOOM  SIGNALS  INTO  ROOMS 

THROUGH  OPEN  WINDOWS:  PART  II:  THE  TIME  DOMAIN 

SOLUTIONS 

P.  G.  Vaidya 

NASA  CR-111787,  1970. 

In  this  report,  the  time  domain  extensions  of 
results  derived  in  Part  I  (see  capsule  summary 
SR-72)  are  obtained.  Expressions  for  pressure 
fields  inside  a  room  with  an  open  window  due  to 
a  delta  impulse  type  excitation  are  obtained, 
both  by  using  a  normal  mode  type  approach  and 
a  Helmholtz  resonator  analogy.  It  is  shown  that 
both  methods  can  be  used  together  to  give  the  com¬ 
plete  response  to  a  general  transient  excitation 
of  the  room  end  that  each  method  has  its  own 
advantages  and  disadvantages. 

SR-74 

U.  K.  RESEARCH  IN  SONIC  BOOM 
J.  B.  Large  and  D.  N.  May 

Society  of  Automotive  Engineers,  February  8,  1971, 
pp.  5-8 

This  paper  reviews  research  work  in  the  United 
Kingdom  on  the  objective  effects  of  the  sonic  boom 
on  humans  and  structures,  and  tha  subjective 
response  of  humans.  Only  the  portion  of  the  review 
dealing  with  structural  response  will  be  summar¬ 
ized  here.  For  a  summary  of  the  review  of  human 
response  studies,  the  reader  is  referred  to  cap¬ 
sule  summary  HRSC-63. 

The  studies  reviewed  include  those  by  Vsldye 
(see  capsule  summaries  SR-72  end  SR-73) ,  Popple- 
well  (see  capsule  summary  SR-58) ,  and  Craggs 
(see  capsule  summaries  SR-45  and  SR-48).  Ssveral 
other  less  significant  Investigations  are  also 
mentioned. 

The  review  presented  in  this  paper  is  very  brief, 
end  the  aforementioned  eubjects  are  not  discussed 
in  any  depth. 


SR- 7  5 

STRUCTURAL  RESPONSE  TO  SONIC  BOOMS 

Roland  L.  Sharp*  and  Garrison  Koat 

Journal  of  cha  Structural  Diviaion,  Proceedings  of 

the  American  Society  of  Civil  Engineers,  April  1971, 

pp.  1157-1174 

This  paper  presents  a  sumary  of  the  state  Of 
knowledge  concerning  structural  response  to  sonic 
boons  as  of  1971,  Included  in  the  sumary  are: 

(1)  results  of  the  Oklahona  City  sonic  boon  tests 
(see  capsule  swnary  SR— 12} ;  (2)  results  of  the 
White  Sands  scnic  boon  tests  (see  capsule  summary 
SR-16);  (3)  results  of  the  Edvards  Air  Force  base 
sonic  boon  tests  (see  capsule  suanary  SR- 39);  and 
(4)  analytical  methods  of  determining  structural 
response  to  sonic  booms  (see  capsule  summaries 
SR-28,  SR-40,  SR-41,  SR-53,  and  SR-57,  for 
example) . 

The  following  conclusions  were  reached  as  a  result 
of  this  look  into  the  state  of  knowledge  of  sonic 
boom  structural  response  theory: 

1.  Field  test  experience  has  indicated  that 
properly  designed  and  constructed  houses 
should  not  be  damaged  by  low  overpressure 
sonic  booms.  However,  the  large  number  of 
claims  filed  and  the  results  of  damage 
claim  Investigations  indicate  that  sonic 
booms  with  nominal  peak  overpressures  of 
2  psf  to  3  psf  can  cause  minor  damage, 

2.  The  average  cost  per  sonic  boom  incident 
is  quite  low.  However,  there  have  been  a 
few  cases  where  large  glass  store  fronts 
were  broken  or  other  substantial  damage 
was  Incurred. 

3.  Experience  to  date  indicates  that  a  large 
percentage  (552  to  802)  of  all  damage  inci¬ 
dents  will  be  glass  damage. 

4.  Because  there  was  a  pretest  glass  pane  con¬ 
dition  survey  at  Edwards  AFB,  the  number 

of  panes  damaged  by  test  missions  should  be 
an  indicator  of  glass  damage  to  be  expected 
from  future  supersonic  flights  generating 
sonic  boom  overpressures  on  the  order  of  2 
to  3  psf.  The  rate  was  one  damaged  pane  per 
7,900,000  boom-pane  exposures. 

5.  Plate  and  racking  deflections  in  typical 
houses  from  sonic  booms  with  1  psf  to  2  psf 
overpressure  are  small  and  on  the  order  of 
0.034  in.  and  0.005  in.  respectively. 

6.  Sonic  booms  from  large  aircraft  affect  a 
larger  range  of  structure  elements  than 
those  from  smaller  aircraft. 

7.  The  response  to  sonic  booms  can  be  adequately 
predicted  if  the  characteristics  of  the  boom 
and  structure  elements  are  known. 

8.  Free  field  signatures  can  be  used  to  ade¬ 
quately  predict  structural  response. 

9.  Structure  response  prediction  can  be  greatly 
simplified  by  use  of  a  boom  pressure  wave 
model . 


This  la  an  excellent  summary  of  structural  response 
to  aonlc  booms. 

SR- 76 

MEASUREMENT  OF  THE  NATURAL  FREQUENCIES  OF  THE  WALLS 
OF  BUILDINGS  SENSITIVE  TO  SONIC  BOOM 
P.  De  Tricaud 

Royal  Aircraft  Establishment,  Library  Translation 
No.  1589,  May  1971 

This  paper  describes  a  method  of  measuring  the 
dynamic  characteristics  and  natural  frequencies 
of  internal  dividing  walls  and  of  window  areas 
which  might  be  susceptible  to  damage  from  sonic 
booms.  The  method  consisted  of  setting  the  par¬ 
tition  in  motion  by  the  impact  (at  its  center) 
of  a  tennis  ball  thrown  by  hand  and  caught 
again  before  it  touched  tht  ground,  in  such  a 
way  as  to  avoid  all  disturbance  of  the  signal. 

An  accelerometer  was  fixed,  by  means  of  double 
sided  adhesive  tape,  to  the  center  of  the  face 
of  the  partition  on  the  opposite  side  to  that 
which  received  the  tennis  ball.  Preliminary 
testa  showed  that  this  method  of  fixation 
could  be  used  with  an  error  of  +  0.5  dB  between 
20  and  3000  Hz.  The  output  of  the  accelerometer 
was  then  analyzed  to  determine  the  natural 
frequency. 

The  following  results  were  found  for  the  first 
natural  frequency  (Pll)  of  various  structural 
elements: 

f,,  •  17.5  Hz  for  window  panes 

f,,  *  21.9  Hz  for  partitions  made  of 
solid  plaster  slabs. 

fj^  "  25.1  Hz  for  partitions  made  of 
gypsum  bricks 

fj^  ■  47.6  Hz  for  "Placopan"  partitions. 

It  is  shown  that  the  results  from  the  same  type 
of  dividing  wall  can  vary  by  a  large  factor 
depending  on  how  the  material  from  which  the 
wall  Is  made  is  manufactured  and  on  how  the 
Interior  wall  is  attached  to  the  main  structure. 

The  measured  results  are  compered  with  those  cal¬ 
culated  for  various  types  of  internal  walls  and 
show  a  reasonable  degree  of  agreement  between 
calculated  and  measured  values  provided  that  the 
physical  constants  of  the  materials  are  known 
with  some  accuracy. 

SR-77 

MODEL  STUDIES  OF  HELMHOLTZ  RESONANCES  IN  ROOMS  WITH 

WINDOWS  AND  DOORWAYS 

Gary  Koopmann  and  Howard  Pollard 

NASA  CR-1777,  June  19/1 

The  cavity  resonance  of  a  room  enclosed  by  large 
wlndowa  and  open  doors  can  be  set  into  motion 
if  the  windows  should  suddenly  be  subjected  to 
an  impulsive  load,  such  as  a  sonic  boom.  This 
paper  presents  the  results  of  a  study  conducted 
to  determine  the  conditions  snd  possible  damaging 
consequer.-.ea  of  such  a  resonance. 
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The  study  utilized  the  Method  of  expressing  the 
windows,  sir,  and  common  doorway  of  two  typically 
joined  roosts  in  terns  of  equivalent  luaped  ele¬ 
ments.  The  resultant  dynamic  system  was  treated 
as  a  series  of  coupled  Helaholtz  resonators  and 
had  as  its  mathematical  description  a  set  of 
coupled,  second  order  differential  equations. 
Solutions  to  these  equations  were  generated  on  an 
analog  computer  for  several  types  of  impulsive 
loading  conditions.  Experiments  were  also  per¬ 
formed  on  actual  scale  models  to  guide  the 
computer  study. 

The  following  conclusions  were  reached  as  a 
result  of  this  study. 

1.  In  connected  rooms  which  are  enclosed 

by  large  windows,  motion  of  the  windows  in 
their  fundamental  modes  Influences  and  is 
influenced  by  the  Helaholtz  resonances  of 
the  rooms. 

2.  Mathematical  descriptions  of  such  systems 
which  utilize  equivalent  luaped  element 
representations  produce  response  data  which 
closely  resemble  those  obtained  from  experi¬ 
ments  performed  on  physical  models. 

3.  A  coincidence  of  frequencies  between  the 
window  and  room  cavity  resonance  produced 
no  Increase  in  the  maximum  response  of  the 
window  for  a  given  loading.  However,  the 
room  pressure  reeched  e  maximum  which  was 
3.2  times  higher  than  that  corresponding  to 
the  cane  where  the  two  frequencies  differed 
by  a  factor  of  4. 

4.  When  two  similar,  large  windows  share  the 
same  room,  the  motion  of  one  can  cause  the 
other  to  respond  with  nearly  the  same  maxi¬ 
mum  amplitude. 

3.  With  two  similar,  large  windows  located  in 
different  rooms  joined  by  a  common  doorway, 
the  initiation  of  the  Helmholtz  room  reso¬ 
nance  by  motion  of  the  window  in  one  room 
can  cause  the  window  in  the  adjoining  room 
to  respond  at  nearly  the  same  maximum 
amplitude. 

This  is  the  moat  extensive  investigation  that  has 
been  conducted  concerning  the  effects  of  Helmholtz 
resonance  on  the  response  of  windows  end  indoor 
pressure  to  sonic  booms. 

SR-78 

PENETRATION  OV  SONIC  BOOM  ENERGY  INTO  THE  OCEAN: 

AN  EXPERIMENTAL  SIMULATION 
J.  F.  Waters 

Noise  &  Vibration  Control  Engineering,  Proceedings 
of  the  Purdue  Noise  Control  Conference,  Lafayette, 
Indiana,  July  14-16,  1971,  pp.  554-557 

This  is  a  condensed  version  of  an  earlier  report 
by  Waters  and  Glass  (see  capsule  etmnary  SR-66) , 
The  reader  is  referred  to  the  capsule  summary  of 
that  report  for  details  of  this  work. 

SR-79 

THE  VIBRATION  OF  A  BOX-TYPE  STRUCTURE  II.  RESPONSE 
TO  A  TRAVELLING  PRESSURE  WAVE 
N.  Popplewell 

Journal  of  Sound  end  Vibration,  Vol,  18,  No.  4, 
October  1971,  pp.  521-531 


In  this  paper  a  finite  element  method  is  formulated 
for  determining  the  transient  response  of  e  box-type 
structure  to  a  travelling,  arbitrarily  shaped  pres¬ 
sure  wave,  such  as  e  sonic  boom.  In  this  method 
tha  structure  is  represented  by  e  number  of  rec¬ 
tangular  elements  with  four  unknown  displacements 
per  nodal  point.  The  vibration  of  a  single  point 
of  e  three-dimensional  surface  generally  has 
components  both  normal  and  tangential  to  the 
surface.  However,  the  present  simplified  analysis 
neglects  the  tangential  components,  since  for  many 
practical  structures  the  tangential  components 
ere  negligible.  It  is  assumed  that  the  pressure 
over  any  one  finite  element  la  uniform  in  a 
givan  time  Interval. 

The  standard  equation  of  motion  with  no  damping 
le  obtained  by  using  the  Euler-Legrenge  equation 
for  each  element.  The  resulting  equation  is  then 
solved  using  a  standard  fourth  order  Runge-Kulta 
procedure.  The  results  give  the  acceleration, 
velocity,  and  displacement  at  chosen  points  of  the 
structure. 

In  order  to  check  the  theoretical  results,  an 
experiment  was  performed  using  a  conical  shock  tube 
to  determine  the  response  of  a  simple,  yet  realis¬ 
tic  box  configuration.  Similarity  considerations 
were  used  to  ensure  that  the  behavior  of  the  model 
wes  representative  of  a  full-scale,  single  story 
structure. 

A  comparison  of  theoretical  and  experimental 
results  showed  that  satisfactory  overall  agree¬ 
ment  was  obtained  by  uaing  only  four  elements  per 
face  and  a  simple  representation  of  the  pressure- 
time  history  over  the  box.  This  representation 
consisted  of  a  pressure  doubling  on  the  wall 
normal  to  the  incident  wave  and  a  pressure  variation 
the  same  as  the  free  field  on  all  other  walls  end 
on  the  roof.  The  greatest  discrepancy  between 
experimental  and  theoretical  results  occurred  on 
the  back  face  due  to  an  initial  racking  motion  (not 
considered  in  the  model)  and  an  inadequate  theo¬ 
retical  description  of  the  loading  on  this  face. 
Assumptions  regarding  the  loadings  on  the  other 
faces  were  found  to  be  fairly  raalistic. 

This  paper  ia  a  modified  version  of  Popplewell's 
Ph.D.  thesis  (see  capsule  summary  Sp-58). 


SR-80 

EFFECT  OF  SONIC  BOOM  ON  STRUCTURES;  THIRD  REPORT: 
MEASUREMENT  OF  EIGEN  FREQUENCIES  OF  BUILDING 
STRUCTURES  WHICH  ARE  SENSITIVE  TO  THE  "BOOM" 

P.  De  Tricaud 

NASA  TT  F-14,057,  Nov.  1971 

Another  translation  of  this  sane  paper  was  made 
by  the  Royal  Aircraft  Establishment.  That  trans¬ 
lation  is  suanarized  in  capsule  stnmury  SR-76.  The 
reader  it  referred  to  that  capsule  summary  for 
details  of  this  work. 


SR-81 

EFFECT  OF  SONIC  BOOM  ON  BUILDINGS  (SECOND  REPORT: 
ELABORATION  OF  A  METHOD  FOR  CALCULATING  THE 
DEFORMATION  OF  CONSTRUCTIONS) 

An on vac us 

NASA-TT-F-14056,  D*c«iber  1971 


This  report  consists  of  two  parts.  The  first 
part  presents  a  calculation  of  tbs  acoustic 
response  of  various  room  configurations  in  build¬ 
ings  to  sonic  boons.  The  second  part  is  concerned 
with  vibrations  which  are  produced  in  Interior 
partitions,  ceilings,  and  window  panes  as  s 
result  of  sonic  boons. 

'r.  calculation  of  acoustic  response,  the  cc-n- 
: iterations  studied  include  single  roans  having 
cper.Ings  in  walls,  penetration  of  boons  through 
flexible  .alls,  two  rmes  coupled  acoustically 
ty  epe nlnga,  ac. f  rooss  with  window  panes.  The 
<  :u„*v  shtr •»  that  the  systea  consisting  of  a  roca 
and  an  opening  can  be  considered  as  a  Helaholtx 
resonator  for  the  study  of  tha  penetration  of  a 
sonic  boon.  Consequently,  tha  pressure  signature 
in  the  interior  of  the  roan  will  have  the  shapa  cl 
a  daaped  sinusoid.  Its  asxinua  will  he  equal  to 
taice  the  overpresaur  of  the  Incident  sonic  boon 
crest.  This  overpressure  la  ncasured  on  the 
fatade  and  is  acts  than  two  tines  the  overpressure 
measured  on  the  ground-  This  is  true  when  the  sig¬ 
nature  interval  of  the  sonic  boos  is  approximately 
*;ua3  ts  the  period  corresponding  to  the  elgcn- 
frequeacy  cf  the  systea  consisting  of  the  roan 
and  the  opening.  The  hypotheses  node  do  not  make 
it  possible  to  predict  the  rise  tine  of  the 
internal  c.'rpresswre.  In  order  to  obtain  reso¬ 
nance  with  a  supersonic  fighter,  as  eigen- frequency 
of  about  10  Ki  is  required,  which  is  commonly 
found.  With  a  supersonic  trsaspsrt  ef  the  Concord' 
type,  ao  el gen -frequency  of  3  Bt  is  required,  wuieb 
Is  only  obtained  for  a  very  noil  opening  with 
respect  to  the  roon.  On  the  other  hand,  a  dohbJe 
resonator  (two  room*  connected  by  an  span  doer 
and  the  sonic  boon  penetrates  Into  one  of  the* 
through  an  opening)  can  have  es  etgendreqeency 
of  this  order.  la  addition.  »he  overpressure* 
obtained  can  be  considerably  higher. 


The  second  psrt  of  the  report  investigates  the 
vibrations  produced  by  soalc  boons  in  iaterier  par¬ 
titions.  ceiling,  and  window  panes  by  calculating 
the  vibrations  of  a  homogeneous  rectangular  plate. 
These  vibrations  were  determined  using  the  classi¬ 
cal  theory  of  dynamic  deformation  of  a  plate.  It 
; «  assumed  chat  the  nesfcrsne  stresses  cao  he 
ignored  and  that  there  are  no  internal  p  rest  reuse*. 

rJelahcits  resonance  was  also  discussed  in  *  report 
ly  isepun  and  *  cl  lard  (sae  capsule  ramiry  S»-"‘ . 
Ttat  stsriy  also  showed  that  Helmholtr  resonance 
can  lead  to  m*ch  higher  indoor  overpressures 
thah  would  normally  be  experienced. 

SR -S3 

THE  EFFECTS  CF  SCSSIC  BOOK  A5D  SIMILAR  DJTCISTTI  SC1SE 
OS  STRUCTURES 

Prepared  by  National  Bureau  of  Standards 
Environmental  Protection  Agency  Report  Sc.  57 fD 
300.12,  December  31,  1971 

This  report  presents  a  namn  of  the  results  cf 
previous  experlneatal  invest i gat iocs  (see  capsule 
susarles  SR-12,  SR-lfe,  SR- 20,  SR-23,  SR-**,  aad 
SR-39  for  exacple)  concerning  the  effects  of  sonic 
boons  on  structures  and  terrain  features. 

The  following  are  some  of  the  conclusions  reached 
as  a  result  of  this  survey  of  previous  investiga¬ 
tions: 


1.  In  general,  there  oaa  been  little  sonic  boon 
damage  resulting  from  laboratory  and  con¬ 
trolled  overflight  experiments  with  monitored 
structures  from  peak  pressures  up  to  20  psf ; 
there  was  some  extension  of  plaster  and 
paint  cracks,  however.  Controlled  overflights 
with  unmonitored  structures  subjected  to  a 
range  of  nominal  peak  overpressure  frou  about 
1  psf  to  3.2  psf  resulted  in  damage  claims, 
predominantly  for  glass,  of  the  order  of  one 
per  100,000  population  per  flight;  i.e. 
100,000  boom-person  exposures,  with  about 
one  in  three  being  Judged  valid.  Such  claims 
per  exposure  statistics,  while  useful  as 
rules  of  thumb,  cannot  begin  to  adequately 
reflect  the  structural  variables  needed  to 
predict  response  In  new  situations. 

2.  Ground  response  to  snolc  booms  varies  some¬ 
what  depending  cm  the  type  of  soil  Involved, 
bnt  a  general  result  of  the  studies  was  that 
induced  particle  velocities  of  about  SO  to 
SOC  microns /sec  were  associated  with  nominal 
peak  pressures  of  0.5  to  S.O  paf.  This 
compares  to  a  value  of  about  150  microns 
per  eecond  which  la  associated  with  the 
footsteps  of  a  200  lb  man.  The  effective 
areas  coveted  on  the  ground  ere,  of  course, 
very  different;  the  boom- induced  notion* 
are  correlated  over  distances  of  the  order 
jf  miles,  whereas  footstep-induced  motions 
decay  within  tens  of  feet. 

3.  The  fact  that  measurable  ground  motions 
exist,  taken  together  with  the  explosive 
character  of  air  loading,  suggests  that 
avalanches  might  be  triggered  by  sonic  booms 
incident  on  unstable  snow  conditions;  how¬ 
ever.  no  direct  evidence  of  cause  end  effect 
is  available. 

Sharpe  end  Coat  (see  capsule  snsmary  St-75)  also 
Musaarleed  the  state  of  kawrledge  as  of  1971  con¬ 
cerning  the  effects  of  motile— booms  on  structures. 
They  treated  both  theoretical  and  experimental 
results,  however,  while  the  present  paper  deals 
alaost  exclusively  with  experimental  reaults. 

SR-B3 

REFLECT 10KS  OF  WEAK  SHOCK  KATES  FROM  ACOUSTIC 
MATERIALS 

M.  Cloutier,  F.  Devereax,  F.  Doyen,  A.  Fitchett, 

D.  Beckman,  L.  Moir  and  L.  Tardif 

Journal  of  the  Acoustical  Society  of  America, 

Tol.  50,  So.  5  (Fart  2)  1971,  pp.  1392-1393 

la  the  Investigation  discussed  In  this  short 
note  a  matter  of  materials  having  good  acoustic 
absorption  properties  were  tested  in  order  to 
determine  their  relative  effectiveness  in  attenu¬ 
ating  weak  high-frequency  shock  waves  propagacing 
In  atmospheric  air.  Weak  shock  waves  with  an 
5-wave  configuration  of  about  1x0  nsec  duration 
were  generated  by  rifle  ballets  travelling  at 
2*00  ft/aec  over  samples  of  acoustic  material 
supported  on  a  metal  plate.  Details  of  the  reflec¬ 
tion  of  these  waves  at  the  surface  of  the  various 
materials  were  monitored  by  using  ahadow-graph- 
schlleren  photographic  techniques  and  pressure 
transducers.  The  urethane  naterlala  gave  a  high 
amount  of  surface  reflection  compared  to  fiber¬ 
glass  material*  of  similar  density.  The  least 
surface  reflection  was  obtained  wltn  very  low 
density  (leas  than  1.0  lb/ft?)  fiberglass. 


SR-84 

AN  IMPROVED  METHOD  FOR  ASSIGNING  A  DYNAMIC  MAGNI¬ 
FICATION  FACTOR  TO  N-WAVES 
G.  Koopmann,  R.  M.  Orris 

Journal  of  Sound  and  Vibration,  Vol.  19,  No.  3, 

1971,  pp.  373-377 

This  brief  note  presents  an  improved  method  of 
assigning  a  dynamic  magnification  factor  to  N- 
waves.  The  dynamic  magnification  factor  (DMF) 
is  defined  as  the  ratio  of  the  maximum  dynamic 
displacement  of  the  structural  element  of 
interest  to  the  displacement  that  would  occur 
under  a  static  load  equal  to  some  quantity  typi¬ 
fying  the  N-wave.  The  DMF  is  expressed  an  a  func¬ 
tion  of  the  non-dimensional ized  product  of  the 
natural  frequency  of  the  system  f,  and  a  typical 
time  period  of  the  N-wave.  If  the  quantity  chosen 
to  normalize  the  maximum  displacement  is  a  satis¬ 
factory  measure  of  the  dynamic  effects  of  the 
sonic  boom,  it  is  stated  that  there  should  be  a 
significant  amount  of  grouping  betweei.  the 
DMF's  found  for  different  N-'waves. 

Since  choosing  a  normalizing  quantity  is  a  some¬ 
what  arbitrary  process,  various  authors  have 
done  it  in  different  ways.  Some  have  used  the 
peak  overpressure,  while  others  have  used  an 
effective  overpressure  defined  by  AP  *  4I/T,  where 
1  is  the  positive  impulse  and  T  is  the  signature 
interval.  The  present  paper  suggests  the  use  of 
a  redefined  effective  overpressure  as  the  normal¬ 
izing  quantity  in  order  to  get  more  consistent 
results  for  distorted  sonic  boon  waveforms.  The 
modification  suggested  is  that  the  value  used  for 
1  in  the  definition  of  effective  overpressure 
should  be  an  average  of  the  positive  and  negative 
impulses  of  the  N  wave,  l.e. 

v  ■  (I™  -  w* 

I  j  is  the  minimum  value  of  the  running  integral 
o?  ?he  overpressure  wirh  respect  to  time,  taken  over 
the  total  duration  of  the  S-wave,  and  I  is  the 
maximum  value  of  this  integral  In  the  same  time 
range.  The  effective  overpressure  then  becomes 
AP  •  4l'/T. 

It  is  shown  that  the  grouping  found  between  the 
results  for  different  S-waves  when  the  normalizing 
quantity  is  the  redefined  effective  overpressure 
is  better  than  that  found  using  either  the  peak 
overpressure  or  the  effective  overpressure  as  the 
normalizing  quantity. 

SR-85 

EXPERIMENTAL  DETERMINATION  OF  ACOUSTIC  AND  STRUC¬ 
TURAL  BEHAVIOR  OF  WALL  PANEL  -  CAVITY  CONFIGURATIONS 
EXPOS  ED  TO  SONIC  BOOMS 
W .  Pescnke,  E.  Sanicrenzo,  M.  Abele 
NASA  CR-1H925,  1971 

At.  experimental  program  is  described  In  this  report 
which  was  performed  to  investigate  the  structural 
response  and  acoustic  transmission  characteristics 
of  a  b.25  ft  x  10.42  ft,  I/4-inch  thick  glass 
pane  and  two  8  ft  x  12  ft  standard  wood  frame 
construction  wall  panels  acted  upon  by  a  sonic 
boom  N-wave.  The  specific  objectives  of  the  pro¬ 
gram  were:  (J)  to  determine  the  behavior  of 
several  wall  panels  with  regard  to  their  struc¬ 
tural  response  and  acoustic  transmission  character¬ 
istics;  (2)  to  provide  data  describing  the  acoustic 
properties  of  a  variable-volume  cavity  (test  room) 


in  conjunction  with  the  test  panels;  and  (3)  to 
record  and  evaluate  the  damage  to  test  panels 
induced  by  repetitive  sonic  boom  application. 

The  experiment  was  performed  using  the  h'ASA- 
GASL  sonic  boon  simulator  (see  capsule  summary 
SM-9).  The  figure  below  shows  the  basic  test 
configuration.  It  is  important  to  note  that  in  all 
cases  the  windows  and  test  panels  were  parallel  to 
the  direction  of  N-wave  propagation.  A  typical 
teat  series  included  variation  of  the  N-vave 
duration  to  assess  the  wall  cavity  behavior  as 
a  function  of  the  period  of  the  disturbance  for 
several  cavity  depths.  In  testing  involving  the 
glass  pane,  this  permitted  an  assesnmettt  of  the 
influence  of  n  variation  in  acoustical  stiffness 
imposed  by  room  volume  change,  N-wave  duration 
was  varied  to  determine  at  which  wavelength(s) 
one  would  observe  significant  effects  in  the 
panel-room  interaction.  In  all  cases,  the  range 
of  interest  was  found  to  be  between  30  and  130 
ms,  although  preliminary  testing  was  performed 
over  a  range  extending  from  20  to  200  ms.  Testing 
over  a  range  of  incident  wave  overpressures 
was  also  performed.  In  addition  to  wave  over¬ 
pressure,  the  panel  acceleration,  induced  strains, 
and  cavity  pressure  were  recorded. 
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Ten  section  of  the  tonic  boom  simulator 


The  latter  part  of  the  program  involved  repeti¬ 
tive  applications  of  the  sonic  boom  wave  to  the 
wall  panels  discussed  above.  Specifically,  each 
of  Cite  two  panels  were  exposed  to  500  tests  at 
each  of  three  overpressures  to  Investigate  the 
likelihood  and  extent  of  failure  due  to  cracking 
of  the  interior  plaster  surface  of  the  panel. 
Resulting  cracks  In  the  plaster  which  were  not 
visible  under  ordinary  light  were  made  visible 
using  ultraviolet  light.  It  was  found  that,  for 
both  panels,  a  significant  number  of  cracks  were 
concentrated  at  one  edge  of  the  panel.  In  each 
case,  the  high  density  of  cracks  corresponded 
to  the  location  of  a  minimum  stud  spacing. 


The  following  conclusions  were  reached  as  a 
result  of  this  Investigation: 


1.  The  results  indicate  that  the  initial 
glass  pane  acceleration  and  cavity  pressure 
amplitude  are  essentially  independent  of 
the  N-vave  duration.  Although  the  initial 
acceleration  of  the  pane  is  practically 
constant  as  the  cavity  voluae  increases, 
the  initial  pressure  is  directly  propor¬ 
tional  to  the  variation  in  stiffness  ratio. 

2.  The  N-wave  duration  which  induces  maximum 
dynamic  and  acoustic  effects  in  the  glass 
pane  and  cavity  is  approximately  60  as.,  and 
the  dominant  modes  excited  In  the  glass  pane 
correspond  to  frequencies  of  7,  10,  14, 

and  40  Hz. 

3.  The  maximum  multimodal  dynamic  amplification 
factor  (DAP-defined  as  the  ratio  of  aaxi- 
mum  dynamic  response  to  static  response 
under  equal  loading  conditions)  measured  in 
terms  of  strain  in  the  center  of  the  glass 
pane  is  approximately  0.5. 

4.  Maximum  acoustic  effects  in  the  cavity  are 
induced  for  the  plaster  wall  panels  at 
N-wave  durations  of  60-80  ms  (panel  with 
window)  ano  75  ms  (panel  without  window). 

5.  The  results  of  tests  involving  repetitive 
application  of  the  sonic  boom  to  the  wood 
frame  (plaster  Interior)  wall  panels  indicate 
that  cracking  of  the  plaster  surface  can 
occur  at  incident  wave  overpressures  on  the 
order  of  1  psf.  The  failure  of  the  plaster 

is  progressive  and  crack  propagation  has 
been  observed  at  overpressures  below  2  psf. 

The  last  conclusion  contradicts  the  findings  of 
the  White  Sands  sonic  boom  tests  (see.  capsule  sum¬ 
mary  SR-16).  In  one  portion  of  the  study,  680 
successive  flights  at  an  overpressure  of  5  psf 
were  found  to  produce  no  cumulative  damage  effects. 
However,  the  well  damage  inspection  procedures 
spparently  suffered  from  an  inability  to  detect 
extremely  fine  cracks  In  plaster  walls,  while  the 
procedure  used  in  the  present  investigation  made 
detection  of  such  cracks  possible. 

SR-86 

SONIC-BOOM  ANALOG  FOR  INVESTIGATING  INDOOR  ACOUSTICAL 

WAVES 

Sul  Lin 

Journal  of  the  Acoustical  Society  of  America,  Vol .  49, 
No.  5  (Part  I)  1971,  pp.  1386-1392 

Thfs  Is  a  condensation  of  an  earlier  report  by 
Lin  (see  capsule  summary  SK-68).  The  reader  is 
referred  to  the  capsule  summary  of  that  paper 
for  details  of  this  work, 

SR-87 

SONIC-BOOM- INDUCED  BUILDING  STRUCTURE  RESPONSES 
INCLUDING  DAMAGE 

Brian  L.  Clarkson  and  William  H.  Mayes 
The  Journal  of  Acoustical  Society  of  America,  Vol.  51, 
No.  2  (Part  3),  Sonic  Boom  Symposium,  February  1972, 
pp.  742-757 

This  paper  describes  and  summarizes  the  theoreti¬ 
cal  and  experimental  studies  of  the  response  of 
structures  to  transient  pressures.  The  topics 
covered  in  this  review  are: 


1.  Theoretical  studies:  (a)  response  of  simple 
structural  element#  to  transient  pressures ; 

(b)  multi-degree-of-fraedom  linear  model; 

(c)  effects  of  nonlinear it lea;  (d)  windows 
rattling;  (e)  effect  of  e  backing  cavity; 

(f)  coupled  resonators;  and  (g)  three- 
dimensional  effects. 

2.  Overflight  studies  of  building  structures 
and  structural  elements:  (a)  building  over¬ 
all  dynamic  responses;  (b)  wall  accelera¬ 
tions;  (c)  wall  an!  window  displacements; 

(d)  stress  response;  and  (e)  historic  build¬ 
ings. 

3.  Damage  to  house  structures:  (a)  window 
damage;  (b)  plaster  damage;  (c)  damage  claims; 
and  (d)  damage  prediction. 

The  studies  upon  which  the  review  of  these 
various  topics  is  based  include  those  made  by 
Cheng  and  Benveniste  (see  capsule  summary  SR-53) , 
Crocker  and  Hudson  (see  capsule  s'-mmutry  SR-57), 
Cragga  (see  capsule  summary  SR-45),  Fretlove  (see 
capsule  summary  SR-94),  Lowery  (tee  capsule  sum¬ 
mary  5R-47) ,  Koopman  and  Pollard  (see  capsule 
summary  SR-77) ,  Popplewell  (see  capsule  sunaiary 
SR-79) ,  Hawkins  and  Hicks  (see  capsule  summary 
SM-2) ,  Biume,  et  al  (see  capsule  summaries  SR-16 
and  SR- 39) ,  Power  (see  capsule  susmary  SR-10) , 
and  Wiggins  (see  capsule  susmary  SR-35) . 

This  is  a  vary  good  summary  of  the  state  of  know¬ 
ledge  concerning  structural  effects  on  sonic  booms 
as  of  1971. 

SR-88 

SEISMIC  AND  UNDERWATER  RESPONSES  TO  SONIC  BOOM 
J.  C.  Cook  and  T.  Goforth 

The  Journal  of  the  Acoustical  Society  of  America, 

Vol.  51,  No.  2  (Part  3),  Sonic  Boom  Symposium, 

February  1972,  pp.  729-741 

The  purpose  of  this  paper  la  to  review  and  sum¬ 
marize  several  studies  made  since  1965  on  the 
seismic  and  underwater  effects  of  sonic  booms. 

Both  theoretical  and  experimental  studies  are 
Included, 


The  review 
based  upon 
summary  SR- 
Young  (see 
Class  (see 
review  the 
this  paper 


of  underwater  sonic  boom  effects  is 
the  studies  made  by  Cook  (see  capsule 
•63),  Sawyers  (see  capsule  summary  SR-51), 
capsule  summary  5R-44),  and  Waters  and 
capsule  summary  SR-66).  From  this 
following  conclusions  are  reached  in 


The  pressure  waveform  underwater  near  the 
surface  is  almost  identical  to  that  of  the 
N-wave  in  air.  Hovever,  it  is  rapidly 
smoothed  and  attenuated  with  depth.  It 
typically  becomes  about  one-tenth  as  large 
at  a  depth  less  than  0.6  of  the  wavelength 
of  the  N-wave. 

Overpressures  may  exceed  pressures  due  to 
background  noise  by  factors  of  up  to  100  at 
moderate  depths  for  frequencies  between  2  Hz 
and  100  Hz.  However,  these  levels  arc-  less 
than  0.16X  of  pressures  known  to  harm  marine 
life  in  single  exposures. 
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3.  Adequate  quantitative  theories  for  the  under¬ 
water  effect*  of  sonic  booms  have  been 
developed.  These  have  been  verified  by  scale- 
nodel  experiments. 

The  review  of  seismic  effects  Is  based  largely 
upon  an  earlier  report  by  Goforth  and  McDonald 
(see  capsule  summary  SR- 50).  The  seismic  effects 
of  sonic  booms  are  summarized  as  follows: 

1.  There  are  two  major  effects:  the  "static" 
deformation  field  traveling  with  the  surface 
load,  and  air-coupled  Rayleigh  wavetralns 
following  each  N-wave.  The  latter  have  fre¬ 
quencies  and  amplitudes  determined  by  the 
aircraft  speed  and  the  geology.  The  static 
deformation  has  always  been  the  largest 
effect  in  over  1000  seismograms  recorded 

in  field  tests.  Its  amplitude  is  propor¬ 
tional  to  the  peak  overpressure  of  the 
sonic  boom. 

2.  The  maximum  ground  motion  recorded  was  about 
100  times  the  largest  natural,  steady 
seismic  noise  background.  However,  this 

was  still  less  tiiai  IT  of  the  accepted 
seismic  damage  threshold  for  residential 
structures. 

3.  Movement  decreases  rapidly  with  depth  and 
is  less  for  hard  rock  than  for  soft  ground. 

4.  Quantitative  theories  for  the  major  seismic 
effects  agree  reasonably  well  with  experi¬ 
mental  results. 

5.  Seismic  forerunner  waves,  which  begin  at 
least  7  sec  before  arrival  of  the  sonic  boom, 
might  be  exploited  for  automatic  warnings 

to  lessen  the  startle  effect  of  sonic  booms. 

6.  Sonic  booms  probably  cannot  trigger  earth¬ 
quakes,  but  might  possibly  precipitate 
incipient  landslides  or  avalanches  in 
exceptional  areas  which  are  already  stressed 
to  within  a  few  percent  of  instability. 

This  is  an  excellent  summary  of  the  state  of  know¬ 
ledge  as  of  1970  concerning  the  seismic  and  under¬ 
water  effects  of  sonic  booms. 

SR-89 

SONIC  BOOM  EXPOSURE  EFFECTS  II.  1:  STRUCTURES  AND 

TERRAIN 

G.  Weber 

Journal  of  Sound  and  Vibration,  Voi.  20,  February 
22,  1972,  pp.  505-509 

This  paper  presents  a  very  general  review  of  the 
effects  uf  sonic  booms  on  topographical  features 
and  structures.  The  following  are  some  of  the  main 
points  of  the  review: 

1.  The  results  obtained  in  ground  motion  experi¬ 
ments  in  the  United  Kingdom  show  that  the 
levels  of  vibrations  due  to  sonic  booms  - 
peak  particle  velocities  up  to  about  300  pm/s 
-  are  usually  of  the  same  order  as  those 
associated  with  the  passage  of  vehicles. 

Their  effects  on  structures  would  thus  not 
be  sufficient  to  cause  damage.  These  results 
confirm  those  of  McDonald  and  Goforth  (see 
capsule  summary  SP.-50), 


2.  It  has  been  shown  that  under  water  an  N-wave 
is  rapidly  smoothed  and  attenuated  with 
depth,  and  ia  reduced  to  about  0,1  of  its 
surface  amplitude  at  a  depth  of  a  few  meters. 

3.  The  effect  of  ground  motion  on  surface  topo¬ 
graphical  features  Is  the  same  as  that  for 
structures. 

4.  Generally,  the  effects  of  sonic  booms  on 
structural  elements  over  and  above  that 
which  occurs  naturally  in  and  around  houses 
due  to  other  environmental  factors  are 
small.  Hence,  damage  to  primary  structures 
of  dwellings  even  under  extreme  assumptions 
is  not  to  be  expected. 

5.  If  the  loading  functions  -  the  effective 
boom  characteristics'-  and  the  size,  mass, 
damping,  and  stiffness  of  a  structure  arc 
known,  the  maximum  structural  response 
achieved  during  the  dynamic  loading  period, 
or  effective  static  load  can  be  derived. 

6.  Damage  criteria  can  only  be  used  statisti¬ 
cally  to  predict  the  likelihood  of  damage 
on  a  large  group  of  buildings. 

A  much  more  complete  and  extensive  r  view  of 
sonic  boom  structural  effects  was  made  in  an 
earlier  paper  by  Clarkson  and  Mayes  (see  capsule 
summary  SR-87).  Also,  for  a  more  extensive  review 
of  seismic  effects  than  is  given  in  the  present 
paper  see  the  paper  summarized  in  capsule  sunaary 
SR-88. 

SR-90 

STUDY  OF  THE  SENSITIVITY  OF  NITROGLYCERIN  TO  WEAK 
SHOCK  WAVES  (SUPERSONIC  AIRCRAFT  BANCS)  [UNTER- 
SUCHUNC  DER  EMPFINDLICHKEIT  VON  NITROCLYCERIS  GECEN 
SCKWACHE  STOSSWELLEN  (FLUGZEUGKNALL) j 
H.  W.  Koch,  I.  Bischoff,  and  L.  Philipp 
N73-16658,  Instltut  Franco-Alleeand  de  Recberches, 

St.  Louis,  France,  I5L-14/72,  April  1977  (In  German) 

In  this  experiment  a  sonic  boom  generator  was 
used  to  produce  shock  waves  having  overpressures 
up  to  about  100  psf  and  durations  of  345  xs. 

The  purpose  of  the  experiment  was  to  investigate 
the  resistance  of  nitroglycerin  to  weak  shock 
waves  corresponding  to  the  sent:  boom  caused  by 
aircraft.  Nitroglycerin  samples  6  mn  thick 
were  placed  in  a  bowl  covered  with  a  t:.in  plastic 
layer  and  exposed  to  the  simulated  sonic  booms. 

It  was  found  that  no  detonations  occurred  eithei 
during  these  tests  or  during  the  same  tests  carried 
out  with  other  primers. 

This  was  the  first  experiment  to  demonstrate  that 
even  very  strong  tonic  booms  should  not  pose  any 
hazard  in  regard  to  the  accidental  detonation  of 
explosives . 

SR-91 

BALLISTIC  RANGE  INVESTIGATION  OF  SONIC-BOOM 

OVERPRESSURES  IN  WATER 

G.  N.  Malcolm  and  P.  F.  Intrieri 

AIAA  Paper  No.  77-653,  Presented  at  AIAA  5th  Fluid 

and  Plasma  Dynamics  Conference,  Boston,  Mass., 

June  26-28,  1972 


The  results  of  an  investigation  of  sonic  boost 
overpressures  in  water  are  presented  in  this 
paper.  Ballistic  range  tests  were  stade  in  the 
Astes  Research  Center  Pressurized  Ballistic  rsnge 
by  gun-launching  small  cone-cylinder  no  els  over 
water.  Tests  were  conducted  at  Kach  numbers  of 
2.7  and  5.7,  in  air,  corresponding  to  Mach 
numbers  of  0.6  and  1.3,  respectively,  in  water. 
The  results  of  these  experiments  consisted  of 
two  types  of  data  —  shadowgraph  pictures  and 
underwater  pressure  measurements.  The  figure 
below,  which  was  taken  from  this  paper  3liows  a 
sample  of  the  data  obtained. 
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Sample  oscilloscope  records  of  pressure 
measurements  in  air  and  underwater 


The  results  of  this  experiment  led  to  the  fol¬ 
lowing  conclusions: 

1.  Aircraft  flignts  over  water  that  produce 
an  incident  shock  wave  whicn  travels 
along  the  water's  surface  at  speeds  greater 
than  the  speed  of  sound  in  water  (M^  >4.4) 
wlli  produce  a  s-iock  wave  in  the 

water;  If  the  speed  of  the  incident  wave  is 
less  than  M  *  4,  only  sound  waves  will  be 
produced  underwater. 

2.  The  peak  pressure  associated  with  the  under¬ 
water  shock  wave  attenuates  very  little  with 
depth. 

3.  The  peak  pressure  of  the  underwater  sound 

t  wave  decays  rapidly  with  water  depth  and  is 
well  predicted  by  theory  (see  capsule  sum¬ 
mary  SB-51). 

This  experiment  was  an  excellent  verification  of 

Sawyer*'  theory. 

SR-92 

ADDITIONAL  SONIC  BOOM  DATA  BELATED  TO  TESTS  CONDUCTED 

AT  WHITE  SANDS,  NEW  MEXICO,  AND  EDWARDS  AIR  FORCE 

BASE 

Lloyd  A.  Lee 

Federal  Aviation  Adc.inistraton  Report  No.  FAA-RD- 

72-114,  September  1972 


Thla  report  presents  a  tabulation  of  previously 
unpublished  data  which  were  compiled  In  the  form 
of  notes  and  recordings  during  the  sonic  boom 
experiments  conducted  in  1964-1965  a:  the  White 
Sands  Mias  lie  Range,  New  Mexico,  and  in  1966  at 
Edwards  Air  Force  Base,  California.  Strain  gage 
readings  are  tabulated  and  correlated  with  over¬ 
pressure  measurements,  aircraft  Mach  number,  alti¬ 
tude  and  directional  vector  from  the  White  Sands 
tests  and  window  sizes  and  strain  gage  locations 
in  test  structures  associated  with  the  Edwards 
Air  Force  Bass  program.  For  further  details  of 
the  tests  conducted  at  White  Sands  and  Edwards 
Air  Force  Base,  see  capsule  summaries  SR-16  and 
SR- 39,  respectively. 

SR-93 

VIBRATIONS  OF  CIRCULAR  ELASTIC  PLATES  DUE  TO  SONIC 

BOOM 

L.  J.  Pavagadhi  and  M.  D.  Yajnik 

Journal  of  the  Acoustical  Society  of  America,  Voi.  52, 

No.  1  (Part  2)  1972,  pp.  260-269 

The  problem  of  axisysuetric  transient  vibrations 
of  large  circular  plates  due  to  tonic  booms  is 
considered  in  this  paper.  The  effecte  of  transverse 
shear,  rotating  Inertia,  and  the  external  and 
internal  dampings  are  neglected.  The  equation  of 
motion  for  a  circular  elastic  plate,  including 
the  term  for  a  sonic  boom  N-wave,  is  solved  by 
using  the  modified  finite  Hankel  transform,  the 
Laplace  transform,  and  a  digital  computer. 

The  results,  showing  various  medes  of  vibrations 
cf  plate  made  from  three  different  materials 
(concrete,  mild  steel,  and  aluminum),  a*.e  plotted 
fer  the  boom  duration,  using  a  digital  computer. 

The  time  displacement  history  of  the  center  of 
the  plate  Indicates  that  the  center  of  the  plate 
not  only  produces  the  largest  dynamic  deflection 
but  also  tends  to  build  up  with  time  and  has  a 
relative  maximum  in  each  half  period  of  the  sonic 
boom.  The  results  also  Indicate  that  the  dynamic 
deflection  of  the  center  of  the  plate  increases 
approximately  up  to  two-thirds  of  the  half-boom 
period.  It  is  concluded  from  these  results  that 
an  Increase  in  boom  period  will  result  in  increased 
dynamic  deflection. 

It  is  shown  that  the  effect  of  overpressure  is 
similar  to  a  static  loading  on  the  plate.  Thus  an 
increase  in  the  overpressure  of  the  sonic  boom 
will  increase  the  dynamic  amplitude  of  the  plate 
but  without  any  additional  dynamic  amplification 
if  the  boom  period  remains  the  same.  It  is  con¬ 
cluded  that  for  a  normal  flight  the  boom  duration 
has  a  more  significant  effect  on  the  vibration  of 
the  plate  than  the  overpressure  does. 

In  an  earlier  paper  (see  capsule-  summary  SR-57) 
Crocker  and  Hudson,  using  a  simple  spring  mass 
system  and  the  sonic  boom  a*  the  forcing  function, 
reached  a  similar  conclusion  regarding  the  effect 
of  sonic  boom  duration  on  structural  response. 

This  conclusion  remains  to  be  verified  experiment¬ 
ally,  but,  if  shown  to  be  correct,  It  viil  mean 
that  controlling  structural  response  to  sonic 
booms  will  require  the  sonic  boom  period  to  be 
controlled. 

SR-94 

AN  ESTIMATE  0?  SONIC  BOOM  DAMAGE  TO  LARGE  WINDOWS 

A,  J.  Pretlove  and  J.  F.  Bowler 

Journal  of  Sound  and  Vibration,  Vol.  22,  No.  1, 

1972,  pp,  107-112 


m 


In  this  paper  a  preliminary  estimate,  baaed  on 
statistical  data.  Is  made  of  the  likelihood  of 
damage  to  large  windows  due  to  sonic  booms.  The 
study  was  confined  to  windows  having  each  dimen¬ 
sion  greater  than  sis  feet.  Since  statistical 
data  on  the  dynamic  properties  of  large  windows 
were  not  available  elsewhere,  a  survey  was  made 
of  the  dynaalc  characteristics  of  over  300  large 
windows  in  the  Reading  area  of  England.  This 
survey  produced  the  data  required  to  calculate  the 
response  of  a  typical  window.  For  each  of  the 
308  windows,  a  dynamic  aagnif lcation  was  evaluated 
using  the  work  of  Crocker  and  Hudson  (see  capsule 
uumoary  SR-57),  and  from  thia  a  aean  daoage  value 
was  calculated. 

The  survey  showed  that  a  typical  large  window 
will  belong  to  a  population  having  a  aean  square 
erea  of  11,198  sq.  in.  with  a  standard  deviation 
of  3,186  sq.  In.  The  aspect  ratio  oi  this  typical 
window  will  be  1.436,  ao  that  it  will  seaaure 
88.3  in.  by  125.8  in.  and  have  a  scan  thickneas 
of  0.310  in.  It  will  vibrate  at  a  natural 
frequency  of  5.98  Ha  and  have  a  damping  ratio 
of  6. 14S  of  critical.  In  calculating  the  prob¬ 
ability  of  daaiage  to  each  of  these  303  windows 
a  sonic  booa  N-vave  with  a  peak  ovarpraasure  of 
2  psf  and  durations  of  200  mi  and  400  ns  was 
used.  Furthermore,  it  was  assumed  that  the 
window  was  simply  supported  and  that  it  will 
vibrate  in  the  fundamental  deflection  made.  The 
maximum  stress  was  then  calculated  for  each  of 
the  308  windows,  account  being  taken  of  the 
particular  geometry  and  dynaalc  characteristics 
in  each  case. 

The  results  show  that  for  a  sonic  boom  with  a 
peak  overpressure  of  2  psf  and  a  duration  of 
200  ms  one  large  window  in  0987  will  break.  For 
a  boo-  of  400  =i  duration,  one  large  window 
in  13,390  will  fail. 

In  an  earlier  paper  (see  capsule  summary  SR-93) 
Favagadhi  and  Yajnik  concluded  that  a  circular 
elastic  plate  will  show  a  larger  response  for  a 
larger  boom  duration.  However,  in  the  present 
paper  it  was  concluded  that  a  large  window  ia 
more  likely  to  break  in  responsa  to  a  boom  of 
200  ms  duration  than  to  one  of  400  as  duration. 
Since  the  natural  frequency  of  this  typicsl  lsrge 
window  was  5.98  Hr,  the  results  of  the  present 
paper  Indicate  that  the  largest  window  response 
will  occur  whan  the  sonic  booa  period  is  approxl- 
"istely  equal  to  the  natural  period  of  the 
window,  rather  than  for  the  longest  boom  period. 

SR-95 

ESTABLISHING  AN  UPPER  BOUND  FOR  WINDOW  RESPONSE  TO 

THE  SONIC  BOOH 

T.  V.  Seshsdri 

Journal  of  Sound  and  Vibration,  Vol.  21,  No,  2, 

1972,  pp  149-158 

This  paper  preaente  a  simple  method  of  estimat¬ 
ing  the  greatest  upper  bound  of  stress  obtainable 
In  windows  due  to  sonic  boom  excitation.  The 
effects  of  dasiplng  and  nonlinearity  are  not 
included.  Thus  by  determining  the  most  severe 
case  for  the  linear,  undamped  case,  the  upper 
bound  is  determined,  since  all  actual  stress  levels 
must  fall  below  that  value. 


Only  tbs  fundamental  mode  of  vibration  la  con¬ 
sidered,  and  the  window- room  system  la  represented 
by  a  lumped  element  model,  similar  to  the  repre¬ 
sentation  used  by  Koopman  and  Pollard  (see  capsule 
summary  SR-77).  The  reeulte  ere  obtained  by  solv¬ 
ing  i‘ie  various  systems  of  differential  equations 
obtained  for  tbe  various  room-window  models 
considered. 

The  results  obtained  are  ausaukriced  in  the  two 
tables  below,  which  were  taken  from  this  paper. 

In  the  first  table  the  maximum  atraases  in  panels 
(windows)  forming  part  of  one  well  of  a  room  oppo¬ 
site  to  an  open  hallway  era  given.  The  neck 
length  end  neck  aree  refer  t»>  the  characteristics 
of  the  hallway  and  t  la  the  period  of  the  N-wave. 
The  second  table  shows  the  mexl&un  stresses  in 
each  of  two  panels  in  opposite  wait*  of  «  closed 
room.  From  these  tables  it' can  be  seen  that  the 
structural  configuration  moat  likely  ho  suffer  a 
win dew  failure  due  to  sonic  boom  excitation  fo 
one  representable  by  a  single  large  room,  a  single 
large  window,  and  an  open  door.  For  example,  the 
theoretical  upper  bound  stress  of  1400  psf  vculd 
be  encountered  in  a  single  window,  10  ft  x  8  It 
x  1/4  In.  in  a  room  of  9000  ft  vith  an  opening  cf 
14  ft2  In  response  to  a  sonic  boom  of  1  lb/ft* 
peak  pressure.  If  the  open  door  ware  replaced  by 
another  window  the  resultant  stresses  in  both 
windows  would  be  substantially  reduced. 
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An  earlier  study  by  Knapp  and  Cheng  (see  capsule 
summary  SR-62)  showed  that  for  overpressures  cf 
1  paf  the  window  streasea  predicted  by  a  linear 
theory  and  a  nonlinear  thaory  were  nearly  Identical. 
Thus  the  results  of  the  present  study  should  be 
fairly  close  to  the  actual  stress  levels,  e-’en 
though  nonlinear  effects  are  neglected. 
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SR-96 

SONIC  BOOMS  IN  THE  SEA:  A  RECENT  OBSERVATION 
R.  J.  Urick  and  T.  J.  Tulko 

The  Journal  of  the  Acoustical  Society  of  America, 

Vol.  52,  No.  5  (Part  2),  1972,  pp.  1566-1568 

This  is  a  brief  note  which  presents  the  results 
of  a  flight  test  measurement  of  the  penetration 
of  s  sonic  boos  beneath  the  surface  of  the  ocean. 
In  this  experiment  a  Navy  F-4  aircraft  flew  at 
Mach  1.1  in  level  flight  at  an  altitude  of  100C 
feet.  Several  buoys  with  hydrophones  at  a  depth 
of  100  feet  were  used  to  relay  underwater  signals 
to  a  Navy  P-'iC  flying  overhead  at  an  altitude  of 
5000  feet.  A  totel  of  five  supersonic  runs  were 
made  over  wacer  9000  feet  deep.  The  see  was 
nearly  ca In,  with  a  surface  wind  speed  of  2  to 
5  knots. 

The  pressure  traces  showed  that  the  underwater 
boon  occurred  ahead  of  the  jet  engine  noise  of  (he 
aircraft.  It  was  an  irregular  blob  without  the 
doublet  character  of  the  she«-k  wave  in  air.  It 
had  a  gradual  beginning  and  gradual  ending.  This 
was  thought  to  be  suggestive  of  scattering  at  the 
sea  surface.  Its  pressure  amplitude  was  only 
somewhat  greater  than  that  of  the  jet  noise  of 
the  aircraft,  amounting  to  only  a  few  dynes  per 
centliteter  at  the  100-foot  hydrophone  depth;  by 
contrast,  the  peak  pressure  of  the  sonic  boos 
striking  the  sea  surface  was  determined  to  be 
about  20  psf  or  9600  dynes/cm^.  It  is  concluded 
that  the  underwater  sonic  L-  aa  from  a  low  alti¬ 
tude  aircraft  in  level  flight  has  by  no  means  as 
dramatic  an  environmental  Impact  as  does  its 
co^sterpart  in  air  and  becomes  comparable  in  pres* 
sure  with  the  ambient  noise  background  at  moderate 
sea  depr.es. 

The  results  o;  this  study  are  in  agreement  with 
previous  expKr.'eental  studies  on  the  underwater 
penetration  of  sonic  booms  (see  capsule  summary 
CC-44,  SR-66,  and  :?-91). 
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DIP.  ACOUSTIC  RESPONSE  OF  ROOMS  WITH  OPES  WINDOWS 
TO  AIRBORNE  SOUNDS 
P.  C.  Vaidya 

Journal  of  Sound  and  Vibration,  Vol.  25,  No.  4, 

1972,  pp.  505-532 

The  purpose  of  the  work  described  in  this  paper 
and  a  companion  paper  (see  capsule  summary  SR-98) 
was  to  develop  a  theory  for  predicting  the  sound 
field  in  a  room  which  would  be  generated  by  a 
ionic  boom  incident  on  an  open  window.  Some  basic 
theoretical  results  are  nreaented  in  the  present 
paper.  The  first  case  considered  was  that  of  a 
normally  incident  harmonic  wave.  The  roo^  was 
treated  as  a  terminated  duct  and  expressions  for 
the  pressure  field  were  obtained  using  a  Green 
function  method. 

In  order  to  obtain  expressions  in  the  time 
domain  for  transient  signals,  a  modified  form 
of  Laplace  transform  technique  was  used.  The 
companion  paper  discusses  the  application  of 
them  reauits  to  the  specific  problem  of  sonic 
booms. 

This  theory  was  also  described  in  earlier  papers 
fcv  Vaidya  (see  capsule  suaesarlea  SR-72  and  SR-73). 


SR-98 

THE  TRANSMISSION  OF  SONIC  BOOM  SIGNALS  INTO  ROOMS 
THR0UCH  OPEN  WINDOWS 
P.  G.  Vaidya 

Journal  of  Sound  and  Vibration,  Vol.  25,  No.  4, 

1972,  pp.  533-559 

This  is  the  second  of  two  companion  papers.  In 
the  first  paper  (tee  capsule  summary  SR-97), 
expressions  are  derived  for  the  acoustic  field 
generated  inside  a  room  with  an  open  window  by 
incoming  transient  or  periodic  signals.  The 
technique  is  applied  In  this  paper  to  the 
specific  example  of  an  N-wave  type  signal.  Approx¬ 
imate  forms  are  developed  which  enable  the  theory 
to  be  used  to  make  reasonably  accurate  numerical 
calculations.  A  comparison  of  results  obtained 
using  the  approximate  method  with  experimental 
results  obtained  using  simulated  sonic  booms 
showed  fairly  close  agreement. 

The  theory  described  in  this  paper  and  the 
companion  paper  is  also  discussed  in  earlier 
papers  by  Vaidya  (see  capsule  suaaxarles  SR-72 
and  SR-73). 


SR-99 

A  SIGNIFICANT  SINGLE  QUANTITY  THAT  TYPIFIES  A 
SONIC  BANG 
C.  H.  E.  Warren 

The  Journal  of  the  Acoustical  Society  of  America, 
Vol.  51,  No.  1  (Part  2),  1972.  pp.  418-420 

This  paper  proposes  a  single  quantity  that  typi¬ 
fies  a  sonic  boom.  This  quantity  is  called  the 
"characteristic  overpressure,"  defined  as  41/T, 
where  I  is  the  maximum  impulse  (maximum  value  of 
tha  running  integral  of  the  overpressure  with 
respect  to  time)  and  T  is  tha  signature  interval 
(time  interval  between  the  onset  of  the  first 
shock  and  the  onset  of  the  last  shock  in  the  sig¬ 
nature).  The  factor  4  is  included  so  that,  in  the 
case  of  a  simple  N-wave,  the  characteristic  over¬ 
pressure  is  equal  to  the  peak  overpressure. 

The  significance  of  the  characteristic  overpres¬ 
sure  in  regard  to  the  effect  of  sonic  booms  on 
structures  is  then  demonstrated  by  considering 
the  response  of  an  undamped  slngle-degree-of- 
freedom  system  to  a  sonic  boom.  This  problem  was 
studied  extensively  by  Crocker  and  Hudson  (see 
capsule  summary  SR-57;.  They  presented  their 
results  in  the  fora  of  a  dynamic  magnification 
factor,  which  they  defined  as  the  ratio  of  the 
maximum  displacement  of  the  system  during  the 
forced  motion  to  the  displacement  chat  would 
occur  under  a  static  load  equal  to  the  peak  over¬ 
pressure  of  the  waveform.  In  the  present  paper 
the  dynamic  magnification  factor  1*  redefined 
as  the  ratio  of  the  maximum  displacement  of  the 
system  to  the  displacement  that  would  occur  under 
a  static  load  equal  to  the  characteristic  over¬ 
pressure  of  the  waveform. 


The  results  if  Crocker  and  Hudson  presented  in 
terms  of  a  dynamic  magnification  factor  nomalixed 
on  characteristic  overpressure  are  shown  to 
collapse  much  more  closely  to  a  single  curve  for 
various  sonic  boon  waveforms  than  when  peak  over¬ 
pressure  1c  used  as  the  normalising  quantity. 


Ml 


It  la  pointed  jut  by  the  author  that  the  char¬ 
acteristic  overpresaure  la  not  subject  to  such 
lndeternlnatenesa,  a»  aoae  quantities  are  in 
practice.  The  aaxisua  iapul  ■*,  being  the  aaxiauai 
value  of 'a  quantity,  is  not  subject  to  very  much 
interpretation  of  its  value,  and  the  signature 
interval,  being  a  function  of  the  onset*  of  ahocks, 
is  also  fairly  eaay  to  determine.  Furthermore, 
both  quantities,  and  thus  the  characteristic 
overpressure  itself,  are  readily  calculable  by 
the  usual  sonic  boom  theory. 

Koopaan  and  Orris  (see  capsule  summary  SR-84) 
showed  that  by  using  a  redefined  affective  over¬ 
pressure,  in  which  the  impulse  is  the  average  of 
the  positive  and  negative  impulses  of  the  S-wave, 
to  normalize  the  DMF,  improved  grouping  for 
various  types  of  N-waves  is  obtained. 


SR-100 

SOMIC  BOOMS  Hi  TIC  SEA 

H.  J.  Crick 

naval  Ordnance  Laboratory  Report  !!o.  IIOLTR  71-30, 

February  20,  1971 

This  paper  discusses  neasur events  node  be lew  the 
surface  of  the  sea  of  sonic  boons  generated  by 
F-4  and  r-0  aircraft  flying  at  Mach  1.1  and  1.2. 
The  oeasurenents  were  cade  by  aeons  of  a  string 
of  hydrophones  19S  feet  long  dangling  frao  a 
surface  slap.  The  horizontal  distance  between 
the  surface  ship  and  the  nicrophones  variod 
between  100  feet  and  300  feet. 

The  underwater  boons  were  found  to  decay  about 
as  the  -3/2  power  of  the  depth  below  the  surface, 
to  have  the  sane  spectral  content  as  the  sonic 
boon  in  air,  and  to  travel  down  the  hydrophone 
string  with  the  velocity  of  sound  in  water.  As 
pointed  out  by  the  author,  these  findings  con¬ 
tradict  t!>c  theories  of  Sawyers  and  Cook,  which 
predict  an  exponential  decay  with  depth,  a  ver¬ 
tical  wavefront,  and  an  attenuation  of  high 
frequency  conporc-nts .  T*  <•»  suggested  that  rough 
surface  scattering  r>iy  be  the  causative  process 
for  the  boon  in  tiie  sea. 

The  author  points  out  that  the  exparinental  work 
described  ir.  this  report  is  ninirsal,  since  only 
four  boons  were  treasured.  Furtherrore,  the  noise 
levels  during  the  recording  periods  caused  by 
the  nearby  ship  were  high.  As  a  result,  it  is 
concluded  that  additional  observations,  undo: 
quiet  conditions  with  taorc  intense  boons,  is 
'needed. 

A  later  oxjerinont  by  Crick  and  Tulko  (sec  cap¬ 
sule  ternary  SR-%5  made  under  calm  sea  condi¬ 
tions  confirmed  the  results  of  the  present 
experiment. 


m 


7.0  ANIMAL  RESPONSE 


243 


AR-i 

EFFECT  OF  SONIC  BOOMS  ON  THE  HATCHABILITY  OF  CHICKEN 

EGGS 

Jack  Heir.esiann  and  Eric  F.  LcErocq,  -Jr. 

Regional  Environmental  Health  Laboratory,  Kelly 

A.F.B. ,  Texas,  Report  SST  65-11,  February  1965 

Tni*  report  presents  the  results  c£  an  expert- 
nental  investigation  into  the  effect  of  sonic 
boons  on  the  hatchability  of  chicken  eggs.  In 
this  experiment  five  sets  of  strain-cross  White 
Leghorn  hatching  eggs,  totaling  3415,  were  exposed 
to  boots  for  varying  periods  of  time  during  dif¬ 
ferent  portion*  of  the  21-day  incubation  period. 
The  exposure  periods  included  both  the  first  and 
third  weeks  of  incubation.  These  arc  the  weeks 
of  highest  embryo  mortality  under  normal  hatching 
conditions.  Three  sets  of  the  eggs  were  used  as 
controls  and  were  not  expose!.  Standard  handling 
procedures  used  in  ecwmarciai  hatcheries  were 
used  for  all  sets. 

Approximately  30  sonic  boosts  were  generated  daily 
by  F-104  aircraft  except  for  a  few  days  near  the 
end  of  the  test.  For  the  first  12  days,  the 
overpressures  outside  the  building  housing  the 
incubator*  were  kept  war  5  pi!.  The  over¬ 
pressures  were  then  raised  to  17-19  psf.  The 
aediar.  overpressures  inside  the  incubators  were 
0.75-1.25  psf  •hen  the  outside  pressures  were 
4-5  psf.  The  set  of  eggs  exposed  for  the  full 
test  period  received  over  600  boom .  The  hatch 
of  this  set  was  3«. 3%,  coopered  to  a  hatch  of 
84.2%  for  the  control  sot.  The  scan  hatch  of 
all  exposed  sets  wi*  33.2%.  The  unexposed 
controls  had  a  mean  hatch  of  31.3%.  No  gross 
pathology  was  found  ir.  birds  necropsied  at 
twelve  weeks  of  age,  and  no  developmental 
deviations  were  found  in  sample  birds  examined 
during  the  test.  It  was  concluded  that  sonic 
beets  up  to  the  svaxisum  overpressures  involved 
ir.  the  study  do  not  lower  or  effect  hatchability. 

This  was  an  important  investigation,  especially 
in  light  sf  the  amount  of  damage  claim  that 
have  been  submitted  by  chicken  farmers  since 
1961  cl  aiming  sonic  fcccsi  damage  .„*  capsule 
summary  AR-12) .  This  is  the  ac-st  extensive 
investigation  of  its  type  that  hac  been  con¬ 
ducted.  Without  the  results  of  this  test  it 
would  have  been  such  harder  to  refute  the  invalid 
damage  claim*  that  have  beer,  submitted. 

AA-2 

RESPONSE  OF  FARM  ANIMALS  TO  SONIC  BOOMS 

R.  B.  Cased/  and  R.  P.  Lehman 

Sonic  Socr.  Experiments  at  Edwards  Air  Force  Base, 

Interim  Report,  July  28,  1567,  Annex  H 

This  report  discusses  the  results  of  the  experi¬ 
ments  conducted,  as  part  of  the  Edwards  Air  Force 
Base  sonic  boom  experiments,  concerning  the 
response  of  farm  animal*  to  sonic  boost*.  Ten 
animal  installations  were  selected  for  observing 
animal  behavior  under  sonic  boos  conditions. 

These  weie  as  follows;  I  race  horse  breeding 
fate,  2  beef  feeder  lots,  2  turkey  ranches,  I 
chicken  ranches,  1  sheep  ranch,  1  cosaercia: 
dairy,  and  I  pheasant  fare.  The  number  of 
animals  observed  were  approximately  19,000  beef 
cattle,  121,300  turkeys,-  35,CCO  ohickan  broilers; 
190  horses;  150  sheep;  32C  dairy  cattle;  and 
69,000  pheasants.  One  beef  feeder  lot  and  the 
horse  farm  were  about  13  stile*  from  the  center 


of  the  flight  corridor,  the  large  turkey  ranch 
was  at  the  end  of  the  corridor  within  the  turning 
radius  of  the  planes,  and  the  others  were  adjacent 
to  the  corridor  3-5  tiles  from,  its  center. 

The  following  persons  were  employed  to  make  the 
necessary  observations  as  the  bco«i  occurred; 

14  part-nise  observers  -senior  high  students) , 

2  alternates,  one  camera  technician,  and  one 
supervisor  (high  school  science  teacher) .  The 
booms  were  scheduled  Jtonday  through  Friday  of 
each  week  at  varying  Intervals  during  ths 
morning  hours. 

The  observers  were  stationed  to  watch  specified 
groups  of  animals.  They  noted  behavior  patterns 
of  the  animals  just  prior  to,  at,  and 
diatejy  following  each  bone,  or  disturbance 
caused  by  low-flying  aircraft  used  in  noise 
tests. 

The  following  conclusion*  were  reached  as  a 
result  of  this  investigation; 

1.  Except  for  the  avian  species,  the  observed 
behavior  reactions  of  animals  to  the  sonic 
bcosa  were  ninixai.  Also,  the  reactions  to 
noise  from  low- flying  subsonic  aircraft  were 
more  pronounced  than  these  due  to  the  betas. 
Furthersere,  the  reaction*  were  of  similar 
nature  and  magnitude  to  those  resulting 
from  flying  paper;  the  presence  of  strange 
persons ,  or  other  saving  objects.  For  these 
reasons,  it  wa3  felt  that  a  strong  relation¬ 
ship  between  observed  behavior  reactions 
and  possible  herd  cr  flock  production 
depression  is  very  unlikely. 

2.  Although  no  significant  changes  were  noted 
ir.  production,  it  was  felt  that  these  tests 
■were  cot  adequate  to  produce  any  conclusive 
evidan—  or.  this  aspect  of  ronic  boon  effects 
The  r.usfcer  of  farms  available  was  insuff icier, 
for  evaluating  producticn  effects  and  their 
location  was  not  suitable  far  proper 
evaluation. 

3.  If  was  felt  that  seme  of  the  farm  animals 
aay  have  become  considerably  adapted  to 
sonic  cocci  prior  to  those  tests,  since  the 
area  around  Edward*  Air  Force  Sasa  had 
beer,  exposed  to  about  4-8  sonic  cooes  per 
day  foi  the  previous  several  years. 

The  Edwards  Air  Force  Base  sonic  boom  experi¬ 
ment*  were  centered  mainly  upon  obtaining 
information  concerning  human  response  and 
structural  respcr.se  to  sonic  boose.  The 
animal  response  recults  were  in  the  nature  of 
a  by-product  and,  as  a  result,  the  conclusions 
reached  wer»  very  preliminary  and  qualitative 
ii;  .nature. 

AR-l 

THE  E177.CTS  CF  SIMULATED  SONIC  BOOMS  ON  REPRODUCTION 
AND  BEHAVTCR  OF  F  AIM- RAISED  HI XX 
H.  F.  Travis,  6.  V.  Richardses;,  J.  X.  Henear,  and 
James  Bond 

Department  of  Agriculture/Agri— iltural  Research 
Service,  ASS  44-200.  June  1968 

The  results  of  an  investigation  conducted  by  the 
Agricultural  Research  Service  of  the  V.S.  Depa re¬ 
sent  cf  Agriculture  concerning  the  effects  of 


simulated  sonic  booms  on  mink  reproduction  are 
discussed  in  this  report.  The  experiment  was 
carried  out  on  two  commercial  mink  farms  in 
Virqinia.  The  sonic  boomu  were  simulated  by  using 
the  LTV  sonic  boom  simulator  described  in  capsule 
summary  SM-4.  The  simulated  booms  had  over¬ 
pressures  in  the  general  range  from  0.5  to  2.0 
psf.  Exposure  of  the  test  group  of  female  mink  to 
simulated  booms  began  on  April  8  (after  breeding) 
as'.J  ended  on  June  1  (after  the  youngest  kit  was 
11  days  old) .  There  were  also  several  control 
groups  cf  female  mink  which  were  not  exposed  to 
the  booms.  The  total  number  of  females  used  in 
the  experimen-  was  300,  and  over  1250  kits  (baby 
mink)  were  involved. 

The  following  conclusions  were  reached  as  a 
result  of  this  experiments 

1.  Kit  production  per  female  on  experiment  for 
the  mink  receiving  the  sonic  boom  treatment 
was  statistically  higher  than  that  of  the  con¬ 
trol  (724  live  kits  at  10  days  from  180 
females  for  an  average  per  female  kept  of  4, 
compared  to  427  live  kits  from  120  females 
for  an  average  of  3.6.  This  was  primarily 
because  of  a  higher  percentage  of  females 
whelping  (giving  birth) . 

2.  The  percentage  of  females  whelping  was  91 
percent  for  the  boomsd  .n:"'k  compared  to  78 
percent  for  mink  that  were  not  boomed. 

3.  On  a  basis  cf  kits  per  female  whelping,  the 
boomed  mink  had  slight!/  smaller  litters 
(not  statistically  significant)  at  10  days 
(4.4  kita  per  female  whelp  r,g  corpared  to 
4.5  kits  per  female  whelp*»g  m  the  groups 
not  !  imed) . 

4.  The  highest  percentage  of  kit  mortality  was 
for  mink  boomed  the  entire  period.  This 
contributed  to  slightly  higher  mortalities 
in  the  boomed  group  and  the  group  whelped 

at  the  farm  where  mink  were  boomed.  Hoover, 
the  overall  production  (kits  per  female  on 
experiment)  was  higher  for  boomed  mink  and 
for  mink  whelping  at  the  farm  where  the  mink 
were  boomed. 

5.  There  was  no  effect  that  could  be  attributed 
to  differences  in  sonic  boom  intensity. 

6.  Thee  were  no  visible  indications  that  t  le 
repeated  booming  caused  increased  excita¬ 
bility  or  nervous  reactions  in  the  mink  that 

'  we*e  boomed. 

7.  There  was  no  evidence  observed  from  autopsies 
of  the  deau  kite  that  indicated  mortality 
because  of  the  effects  of  the  sonic  boom. 

The  amount  of  money  awarded  m  damage  claims  to  mink 
farmers  since  1961  (see  capsule  summary  AR-12)  ac¬ 
counts  for  nearly  75%  of  the  total  amount  of  money 
awarded  m  all  types  of  animal  damage  claims.  The 
present  investigation  was  the  first  study  conducted 
to  determine  just  what  effects  sonic  booms  do  have 
on  mink.  Prior  to  this  investigation  there  was  no 
experimental  basis  for  refuting  the  damage  claims 
of  the  mink  farmers.  However,  as  pointed  out  by 
Bell  in  the  paper  described  in  capsule  summary 
AR-12,  mink  farmers  questioned  the  results  of  the 
present  investigation  on  the  basis  that  the  booms 


were  simulated  and  not  real,  and  also  on  the  basis 
that  the  female  mink  were  exposed  to  booms  prior  to 
whelping,  thus  giving  them  time  to  adjust.  For  this 
reason,  a  later  investigation  was  carried  out  using 
both  simulated  and  actual  son  ims  (see  capsule 
sunmary  AR-14)  in  which  the  ex.  ire  to  booms  began 
after  whelping.  The  results  were  similar  to  those 
of  the  present  investigation. 

AR-4 

SONIC  BOOMS  RESULTING  FROM  EXTREMELY  LOW-ALTITUDE 
SUPERSONIC  FLIGHT:  MEASUREMENTS  AND  OBSERVATIONS  ON 
HOUSES ,  LIVESTOCK  AND  i 30PLE 

C.  W.  Nixon,  H.K.  Hille,  H.C.  Sommer,  and  E.  Guild 
Aerospace  Mecical  Research  Laboratoreis ,  Wright- 
Patterson  A.F.  Base,  Ohio,  Report  No.  AMRL-TR-68-52, 
October  1968. 

In  the  flight-test  experiment  described  in  this 
report,  sonic  booms  generated  b’1  F-4C  aircraft 
flying  low-level  terrain-following  profiles  during 
joint  Task  Force  II  operations  near  Tonopah, 

Nevada,  were  recorded  under  and  near  the  flight 
tracks,  'nd  responses  of  structures,  animals,  and 
people  were  observed.  The  overpressure  levels 
varied  between  80  and  144  psf  directly  under  the 
flight  track.  Only  the  animal  response  findings 
will  be  discussed  here.  For  a  discussion  of  the 
human  response  and  structural  response  results, 
see  capsule  summaries  HRSC-89,  and  SR-37, 
respectively. 

No  concentrations  of  cattle  or  horses  were  found 
dire-tly  under  the  flight  corridors,  even  though 
they  were  established  over  the  open  range.  Several 
small  groups  of  cattle  near  the  tracks  and  a  horse 
in  a  corral  were  observed  and  their  responses  to, 
during,  and  following  sonic  boom  were  recorded  on 
movie  film.  The  responses  were  either  unrecogniz¬ 
able  or  consisted  of  an  apparent  alerting  response 
accompanied  by  trotting  off  a  short  distance.  Also, 
ranchers  reported  no  observable  response  to  the 
sonic  booms  of  the  livestock  at  various  other  loca¬ 
tions  on  the  range. 

Some  of  the  livestock  and  cattle  observed  during 
this  program  annually  winter  grazed  on  the  Sandia 
range  ar.d  consequently  were  previously  exposed  to 
low-flying  aircraft,  sonic  booms  and  explosive 
blasts.  Thus,  it  is  pointed  out  by  the  authors  that 
the  lack  of  adverse  response  during  this  program 
cannot  be  generalized  to  other  cattle  and  horses  in 
other  parts  of  the  country. 

The  results  of  this  test  concerning  animal  response 
to  sonic  booms  are  very  inconclusive,  but  they  do 
indicate  that  exposure  of  livestock  to  extremely 
intense  sonic  booms  will  not  result  in  injury. 

AR-S 

DAMAGE  EXPERIENCE 
William  F.  McCormack 

Proceedings  of  the  Conference,  Noise  as  a  Public  Health 
Hazard,  Washington,  D.C.-June  13-14,  1968,  in  ASHA 
Reports  4,  The  American  Speech  and  Heari1  i  Association, 
February,  1969,  pp-  270-277 

A  summary  of  damage  claims  presented  to  the  U.S.  Air 
Force  as  a  result  of  sonic  booms  is  presented  in  this 
paper.  Only  the  portion  of  the  paper  dealing  with 
animal  claims  is  summarized  here.  For  a  discus¬ 
sion  of  the  remainder  of  the  paper,  see  capsule 
•  summary  SR-52. 
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Between  1962  and  April  1968  only  192  claims  involving 
damage  to  animals  were  processed  by  the  Air  Force. 
This  compares  to  a  total  of  35,094  claims  in  all 
damage  categories.  A  breakdown  of  these  claims  is 
shown  in  the  table  below,  which  was  taken  from  this 
paper.  Injuries  resulting  from  startle  and  panic 
were  involved' in  a  high  percentage  of  these  claims. 
Claimants  often  alleged  that  the  productivity  of 
female  animals  was  affected  by  the  startling  effect 
of  a  sonic  boom,  such  as  loss  of  poultry  produc¬ 
tion.  The  hatchability  of  eggs  was  alleged  to 
have  been  affected  by  sonic  booms  in  other  cases. 

The  claims  wef  -en  somewhat  speculative  as  to 
tne  cause  of  d  ■  ■ ,  such  as  when  an  animal  was 

discovered  to  injured  itself  sometime  during 

the  time  span  w..  .i  a  sonic  boom  occurred. 


Catapory 

No.  of  Claim* 

DoHari  Claim  ad 

No.  Approve 

Dollars  Pan! 

Ho* 

t 

5  125.00 

1 

t  07.00  i 

Rabbttt 

4 

toaoo 

1 

350.00 

Phaacarts 

3 

10,200.00 

1 

17.00 

Tut*  ay* 

11 

51.705.00 

4 

10,600.00 

Mink 

It 

205,420.00 

12 

25,025.00 

Ew> 

It 

7,153.00 

1 

3.00 

Do* 

20 

3421.00 

3 

145.00 

Ciltlf 

23 

10,152.00 

13 

3465.00 

Horace 

35 

43.IM3.00 

15 

5,504.00 

Chick  ana 

46 

05,010.00 

21 

54S4.00 

OtfMt 

14 

5743000 

4 

351.00 

Total 

102 

$404,700.00 

70 

540.544.00 

All  animal  claims  processed  sine*  1962  by  tin  Air  Foret 


An  updated  table  of  animal  claims  damages  was 
given  by  Bell  in  the  paper  described  rn  capsule 
i.ummary  AR-)2. 

AR-6 

THE  EFFECT  OF  SONIC  BOOM  EXPOSURE  TO  THE  GUINEA 
PIG  COCHLEA 

Deborah  A.  Ma jeau-Chargois ,  Charles  I.  Berlin,  and 

Gerald  D.  Wnitehouse 

NASA  CR-10246i,  October  29,  1369 

n  the  experiment  described  in  this  report,  guinea 
pigs  were  subjected  to  controlled  sonic  booms  in 
order  to  objectively  evaluate  damage  to  the  audi¬ 
tory  mechanism.  Thirty  guinea  pigs  with  normal 
hearing  were  used.  Six  were  controls  and  eight  each 
were  exposed  to  ?0C0  sonic  booms  at  approximately 
130  dE  of  2,  4.76  and  125  msec  N-wave  pulse  dura¬ 
tion,  respectively.  The  simulated  booms  were 
produced  ii  a  one-foot  diameter  plane-wave  tube, 

20  feet  long  with  a  30"  speaker  mounted  at  the  end 
of  the  tube.  To  produce  the  pulse  a  Wavetek  Mod-; 
III -oscillator  was  set  to  deliver  N-waves  and  feo 
into  a  GR  tone  burst  generator  Type  1396A.  Boom 
exposure  was  at  the  rate  of  one  per  second.  The 
fundamental  frequency  of  the  N-wave  was  either 
210  Hz,  500  Hz,  or  8  Hz. 

After  exposure,  the  guinea  pigs  were  sacrificed 
(at  various  intervals)  and  their  cochleae  examined. 
It  was  found  that  hair  cell  damage  occurred  in  the 
apical  turn  of  the  cochleae  of  the  exposed  guinea 
pigs .while  the  other  turns  were  unaffected.  Dam¬ 
age  occurred  in  the  same  place  with  all  pulse  sig¬ 
natures  tested.  Since  the  sacrifice  of  the  guinea 
pigs  ranged  from  24  hours  to  2  weeks  after  exposure, 
it  was  felt  that  the  damage  to  the  hair  cells  was 
permanent. 


In  spite  of  the  hair  cell  damage,  it  was  found  that 
the  hearing  of  the  exposed  guinea,  pigs,  as  meas¬ 
ured  by  conditioned  response  tests,  did  not  show  any 
sign  of  impairment.  As  a  result  of  tills  it  is 
hypothesized  that  sonic  booms  conducted  with  human 
subjects  might  reveal  no  impairment  of  auditory 
function  while,  in  fact,  damage  may  be  present 
Such  a  weakening  could,  in  time,  affect  other 
areas,  thereby  aiding  the  development  of  a  hearing 
loss. 

It  is  pointed  out  that  a  valid  question  could  be 
raised  that  presenting  sonic  booms  every  second  could 
be  more  detrimental  than  exposure  of  once  or  twice  a 
day,  which  would  be  more  real istic  in  the  normal 
community.  It  is  concluded  that  additional  research 
would  have  to  be  undertaken  to  clarify  the  test. 

Although  the  results  of  this  report  indicated  that 
possible  harm  to  the  human  auditory  system  could 
result  from  intense  sonic  booms;  tne  results  are 
fai  from  conclusive, 

AR-7 

SONIC  BOOM  EFFECTS  ON  THE  ORGAN  OF  CORTI 
Deborah  A.  Ma jeau-Chargois,  Charles  I.  Berlin,  and 
Gerald  D.  Whitehouse 

The  Laryngoscope,  V.  80,  April  1970,  pp.  620-630 

This  paper  is  the  same  as  the  one  discussed  m 
capsule  summary  AR-6.  The  reader  is  referred 
to  that  capsule  summary  for  details. 

AR-B 

EFFECTS  OF  NOISE  ON  THE  PHYSIOLOGY  AND  BEHAVIOR  OF 
FARM-RAISED  ANIMALS 
Ja-as  Bond 

l.iysioloqical  Effects  of  Noise,  Edited  by  Bruce  L. 

Welch  and  Annemane  S.  Welch,  Plenum  Press,  Hew  York- 
London,  1970,  pp.  295-306 

This  paper  presents  a  general  review  of  literature 
on  sound  effects  on  farm  animals  and  of  specific 
studies  conducted  which  deal  with  this  topic.  The 
portion  of  the  paper  dealing  with  the  effects  of 
sonic  booms  on  farm  animals  summarizes  the  findings 
made  in  the  Edwards  Air  Force  Base  sonic  boom  ex¬ 
periments  (see  capsule  summary  AR-2)  and  in  the 
experiment  dealing  with  the  effect  of  sonic  booms 
on  mink  reproduction  (see  capsule  summary  AR-3) . 

The  reader  is  referred  to  the  above  two  capsule 
summaries  for  a  discussion  those  results. 

AR-9 

MASS  HATCHING  FAILURE  OF  DRY  TORTUGAS  SOOTY  TERNS 
W.  3.  Robertson,  Jr. 

Paper  Presented  to  14th  International  Ornithological 
Congress,  '-o.'land,  1370 

A  discussion  of  the  mass  hatching  failure  of  the 
Dry  Tortugas  colony  of  Sooty  Terms  in  1969  is  pre¬ 
sented  in  tins  paper.  This  colony  of  about  40,000 
breeding  pairs  nests  each  spring  on  Bush  Key  off 
che  coast  of  Florida.  A  nearly  continuous  annual 
record  has  been  kept  of  the  colony  since  1903. 

During  tne  pened  from  1959-1968  and  again  in  1970, 
an  estimated  25,000  to  30,000  young  were  born.  In 
1963,  however,  most  of  the  Sooty  Tern  eggs  did  not 
hatch  and  only  300  to  400  young  were  born. 
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The  possible  causes  of  this  mass  hatching  failure 
that  were  investigated  are  as  follows:  (1)  weather; 
(2)  predation;  (3)  food  shortage;  (4)  dense  vegeta¬ 
tion  in  the  colony;  (5)  pesticides;  and  (6)  dis¬ 
turbance  by  man.  It  is  shown  that  the  weather 
conditions,  predation,  food  shortage,  and  vegetation 
in  the  colony  were  no  more  severe  than  in  previous 
years.  As  a  result,  these  factors  were  eliminated 
as  a  likely  cause.  A  chemical  analysis  made  of  a 
rv.imber  of  Sooty  Terns  and  Sooty  Tern  eggs  showed 
that  chemical  pollutants  (such  as  pesticides)  were 
not  likely  to  have  been  involved  in  the  mass 
hatchery  failure. 

No  unauthorized  landings  are  permitted  on  Bush  Key 
during  the  nesting  season,  and,  since  there  is 
almost  constant  surveillance,  the  rule  is  seldom 
broken.  No  record  exists  of  any  unauthorized 
landings  in  1969.  Thus  the  only  man-caused  dis¬ 
turbances  that  occurred  during  the  nesting  season 
of  1969  were  due  to  low-flying  airplanes  and 
helicopters  and  sonic  booms,  most  of  which  origi¬ 
nated  from  planes  at  high  altitudes.  It  is  stated 
the  overflights  of  subsonic  jets  at  altitudes 
below  500  feet  invariably  trigger  mass  panic  flights 
of  Sooty  Terns.  However,  the  birds  usually  return 
to  their  nests  within  10  minutes,  and  no  harm  is 
done  to  the  eggs.  During  the  spring  of  1969  the 
number  of  aircraft  overflights  and  high-altitude 
sonic  booms  did  net  appear  to  be  significantly 
greater  than  in  previous  years.  However,  National 
Park  Service  personnel  reported  three  unusually 
severe  sonic  booms  in  early  May,  1969,  The  first 
and  most  intense  occurred  on  May  4.  It  broke  several 
windows  on  Garden  Key  (adjacent  to  Bush  Key)  and 
dislodged  mortar  from  the  crumbling  masonry  of  Fort 
Jefferson  (on  Garden  Key  also) .  The  other  severe 
sonic  booms  occurred  on  the  8th  or  9th  of  May  and 
May  11.  The  airplanes  causing  the  sonic  booms  were 
not  seen  by  any  of  the  observers.  However,  they 
thought  from  the  severity  of  the  shocks  that  the 
airplanes  had  overflown  Tortugas  at  extremely  low 
altitude. 

Obser/ations  of  the  date  that  the  eggs  were  laid 
together  with  examinations  of  the  age  of  the  dead 
embryos  in  the  eggs  that  failed  to  hatch  placed 
the  date  of  the  hatching  failure  between  the  1st  and 
9th  of  May.  The  only  known  events  that  were  properly 
timed  and  also  possibly  sufficient  to  cause  mass 
death  of  embryos  in  Sooty  Tern  eggs  were  the  sonic 
booms  on  May  4  or  May  8  or  9.  The  boom  of  May  4, 
in  particular,  was  thought  by  observers  to  have 
been  very  much  more  severe  than  any  previously  ex¬ 
perienced  at  dry  Tortugas.  Since  it  was  sunny  and 
clear  on  May  4,  and  Sooty  Terns  commonly  do  not 
incubace  during  the  middle  of  warm  days  but  merely 
shade  the  eggs,  most  of  the  eggs  were  probably 
completely  exposed  to  the  sonic  boom. 

It  is  concluded  that  physical  damage  to  the  eggs 
caused  by  a  severe  sonic  boom  most  adequately  ex¬ 
plains  the  mass  hatching  failure.  However,  it  is 
pointed  out  that  the  case  is  wholly  circumstantial. 

This  is  a  very  excellent  and  interesting  paper. 
Although  the  final  conclusion  attributing  the 
mass  hatching  failure  to  a  severe  sonic  boom  is 
based  upon  circumstantial  evidence,  this  evidence 
is  very  convincing. 


AR-10 

EFFECTS  OF  NOISE  ON  UILDLIFE  AND  OTHER  ANIMALS 

Memphis  State  Univeuity 

U.S.  Environmental  Protection  Agency,  Report  Ho. 

NTID300.5,  December  31,  1971 

A  very  comprehensive  review  of  the  literature 
dealing  with  the  effects  of  noise  on  wildlife  and 
other  animals  is  presented  in  this  paper.  The 
studies  concerning  the  effects  of  sonic  booms  on 
animals  that  are  mentioned  here  are  those  of  Casady 
and  Lehman  (see  capsule  summary  AK-2),  Heinemann 
and  Le  Brocq  (see  capsule  summary  AR-1) ,  Travis, 
et  al.  (see  capsule  summary  AR-3) ,  and  Majeau- 
Chargois,  et  al.  (see  capsule  summary  AR-6) . 

The  reader  is  referred  to  the  capsule  sumnaries 
of  those  papers  for  a  discussion  of  their  findings. 

AR-il 

SONIC  BOOM  EFFECT  ON  FISH  -  OBSERVATIONS 

Max  E.  Wilkins 

Unpublished  paper,  NASA  Ames  Research  Center, 

Moffett  Field,  California,  1971 

The  results  of  an  experimental  investigation  into 
the  effects  of  sonic  booms  on  fish  are  presented 
in  this  paper.  The  investigation  was  conducted 
in  the  Pressurized  Ballistic  Range  at  the  Ames 
Research  Center.  Bullets  having  a  muzzle  velocity 
of  3900  ft/sec  (M  =  3.5)  were  fired  from  a  0.22 
Swift  rifle.  The  flight  path  of  the  bullets  was 
11-1/2  cm  above  the  water  surface  of  a  15-1/4  by 
15-1/4  by  30-1/2  cm-long  clear  tank  located  about 
20  m  from  the  rifle.  The  tank  contained  five 
guppies,  and  their  reactions  were  recorded  on 
8-nm  film  as  the  bullets,  generating  shock  waves 
with  overpressures  of  550  psf,  passed  overhead. 

It  was  found  that  the  fish  usually  reacted  to  the 
passage  of  the  shock  wave.  However,  the  reaction 
was  not  violent.  It  consisted  of  a  flinching 
motion  occasionally  followed  by  a  rapid  movement, 
generally  downward.  There  was  a  greater  reaction 
shown  by  fish  near  the  surface  than  by  those 
near  the  bottom.  The  fish  that  did  react  did 
not  appear  to  be  alarmed  and  settled  down 
immediately. 

No  ripples  were  observed  on  the  water  when  the 
bullet  passed  over.  It  was  felt  that  this  ruled 
out  any  influence  the  wake  of  the  bullet  might 
•have  had  on  the  fish. 

The  exposed  fish  were  kept  isolated  for  observa¬ 
tion  for  two  months  after  the  tests,  and  no  adverse 
effects  due  to  the  boom  were  noted.  It  was  con¬ 
cluded  that,  although  fish  react  to  the  overhead 
pasrage  of  a  strong  shock  wave,  they  do  not  suffer 
any  harm. 

There  has  been  much  concern  about  the  effects  of 
sonic  booms  on  fish  and  other  marine  life,  since 
trans-oceanic  commercial  supersonic  flight  is  not 
forbidden.  However,  very  little  research  has  been 
conducted  on  this  topic.  This  investigation  pro¬ 
vided  the  first  definite  experimental  indication 
that  even  extremely  intense  sonic  booms  will  not 
harm  fish. 
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VIIMAL  RESPONSE  TO  SONIC  BOOMS 
Wilson  B.  Ball 

Sonic  Boom  Symposium,  The  Journal  of  the  Acoustical 
Society  of  America,  Vol.  51,  No.  2  (Part  3) ,  February 
1972,  pp.  758-765 

A  review  of  reports  and  studies  of  animal  response 
to  sonic  booms  is  presented  in  this  paper,  included 
in  the  review  are  the  studies  made  by  Heinemann,  et' 
al  (see  capsule  summary  AR- 1 ) .  Casady  and  Lehman 
(see  capsule  sunnary  AR-2) ,  Nixon,  et  al  (see  capsule 
summary  AR-4) ,  Travis,  et  al  (see  capsule  sumnary 
AR-14) ,  Robertson  (see  capsule  sunrary  AR-9) ,  and 
Majeau-Chargois  (see  capsule  summary  AR-6) .  The 
reader  is  referred  to  the  appropriate  capsule  sum¬ 
mary  for  details  of  these  studies,  in  addition  to 
a  summary  of  these  studies,  several  others ,  includ¬ 
ing  some  previously  unpublished  information,  are 
summarized. 

A  table,  shown  below,  is  given  which  summarizes 
the  claims  received  and  amounts  paid  by  the  U.S. 

Air  Force  fo»  damage  to  animals  during  the  period 
from  1961-1970.  McCormack  (see  capsule  sunnary 
AR-5)  published  a  similar  but  earlier  table. 
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A  review  is  made  of  the  limited  data  available 
on  the  reactions  of  wild  animals  and  birds  to 
sonic  booms.  The  following  are  some  of  the 
findings  of  the  review: 

1.  Wild  dec-r  at  Elgin  Air  Force  showed  no 
apparent  response  to  sonic  booms  of  very 
high  intensity. 

2.  Zoo  animals  show  only  alertness  and  momen¬ 
tary  concern  about  sonic  booms. 

3.  It  was  found  in  one  study  that  sonic  booms 
generated  at  cruising  altitude  did  not  seem 
to  affect  the  behavior  of  reindeer. 

This  is  an  excellent  summary  of  the  state  of  knowl- 
cge  concerning  animal  response  to  sonic  booms  as 
of  1971. 

AR-13 

EXPERIMENTS  ON  THE  EFFECT  OF  SONIC-BOOM  EXPOSURE  ON 
HUMANS 

Ragnar  Rylander,  Stefan  Sorensen,  Kenneth  Berglund, 
and  Carina  Brodin 

Sonic  Boom  Symposium,  The  Journal  of  the  Acoustical 
Society  of  America,  Vol.  51,  No.  2  (Part  3),  February 
1972,  pp.  790-798 


In  the  experiments  described  i.n  this  paper  the 
effects  of  sonic  boom  exposure  on  the  reactions 
humans  and  reindeer  were  studied  in  a  field  expo¬ 
sure  experiment.  Only  the  results  concerning  the 
response  of  the  reindeer  will  be  discussed  here. 

For  a  discussion  of  the  human  response  results, 
the  reader  is  referred  to  capsule  sumnary  HRSC-73. 

The  purpose  of  the  reindeer  study  was  to  determine 
the  occurrence  of  exposure  effects  which  could  be 
of  importance  for  reindeer  breeding.  Forty-two 
sonic  booms  with  levels  varying  from  about  0.2  to 
10.5  psf  were  generated  by  Swedish  military  aircraft 
flying  over  a  research  camp  in  northern  Sweden.  A 
group  of  24  male  and  female  reindeer,  picked  at 
random  from  a  larger  herd,  was  kept  ir.  a  corral  in 
the  research  camp.  Their  behavior  was  recorded  or: 
16-rao  film  from  a  3-m-high  observation  cower  in 
the  middle  of  the  corral.  -Immediate  changes  ir. 
the  activities  of  the  animals  were  used  as  exposure- 
effect  criteria. 

The  following  results  were  obtained  from  this 
experiment: 

1.  Sonic  booms  below  about  0.5  psf  were  found  to 
cause  a  slight  startle  effect.  This  was  mani¬ 
fested  as  a  temporary  general  muscle  contrac¬ 
tion.  Activities  in  which  the  animals  were 
engaged  were  interrupted  only  infrequently 
and  then  only  for  a  short  time. 

2.  An  increase  in  the  impact  and  occurrence  of 
the  reaction  was  noted  as  boom  levels  in¬ 
creased.  The  effects  were,  however,  never 
strong  enough  to  bring  resting  animals  upon 
their  feet.  Animals  in  sleeping  position 
raised  their  heads,  pointed  their  ears,  put 
up  their  noses,  and  sniffed  in  different 
directions  for  a  few  seconds,  whereafter  they 
resumed  their  sleeping  postures.  Animals 
which  were  ruminating  reacted  in  a  similar 
manner,  and  the  ruminating  was  never  inter¬ 
rupted.  A  more  marked  startle  reaction  was 
shown  by  grazing  animals.  They  rapidly 
raised  their  heads,  pointed  their  ears 
forward  and  locked  around  for  a  few  seconds 
before  resuming  their  grazing. 

3.  No  differences  were  found  between  animals  of 
various  ages  or  sexes. 

4.  No  signs  were  noted  during  the  experiment  of 
adaptation  to  the  startle  reaction. 

5.  No  panic  movements  were  observed.  Animals 
did  not  change  their  positions  during  or  after 
the  exposure. 

6.  Birds  and  field  mice  were  abundant  in  the  area 
and  the  apparent  effects  of  the  booms  on  these 
animals  was  negligible. 

Several  earlier  experiments  had  investigated  the 
effects  of  sonic  booms  on  cattle,  horses,  and  other 
domesticated  animals  (see  capsule  summaries  AR-2 
and  AR-4,  for  example).  However  the  results  found 
in  those  experiments  could  not  be  extrapolated  to 
reindeer,  since  reindeer  a:e  much  more  nervous. 

Thus  the  present  investigation  served  a  useful 
purpose. 
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HR-14 

AN  INTERDISCIPLINARY  STUDY  OF  THE  EFFECTS  OF  REAL  AND 
SIMULATED  SONIC  BOOMS  ON  FARM-RAISED  MINK  (MUSTELA 
VISON) 

Hugh  V.  Travis,  James  Bond,  R.  L.  Wilson,  J.  R.  Leekly, 

J.  R.  Menear,  C..R.  Curran,  F.  R.  Robinson,  W,  E.  Brewer, 
G.  A.  Huttenhauer,  and  J.  B.  Henson 

Federal  Aviation  Administration,  Report  No.  FAA-EQ-72-2, 
August  1972 

This  report  discusses  an  investigation  conducted  on 
Mitkof  Island,  Alaska,  in  1970  to  determine  the 
effects  of  real  and  simulated  sonic  booms  upon  late 
pregnancy,  parturition,  early  kit  mortality,  and 
subsequent  growth  of  fair  -raised  mink.  The  repro¬ 
duction  study  was  conducted  using  350  yearling  and 
148  2-year-old  females  and  their  1,845  orogeny. 

The  growth  study  was  conducted  with  90  taale  and  90 
female  kits  (baby  mink) .  The  exposed  animals  re¬ 
ceived  either  three  sonic  booms  averaging  5.05  psf 
overpressure  (range  6.6  to  3.6  psf)  or  three  simu¬ 
lated  sonic  booms  generated  by  the  LTV  exponential- 


basis  that  the  booms  were  simulated  and  that  the 
exposure  began  prior  to  whelping,  thus  giving  the 
females  time  to  adjust.  The  present  experiment 
was  designrtd  to  overcome  die  objections  raised  to 
the  earlier  results. 

ARC-15 

SONIC  BOOM  EXPOSURE  EFFECTS  II. 5:  EFFECTS  ON  ANIMALS 

Ph.  Cottereau 

The  Journal  of  Sound  and  vibration,  Vol.  20,  No.  4, 

1972,  pp.  531-534 

This  paper  presents  a  review  of  studies  that  have 
been  conducted  concerning  the  effects  of  sonic 
booms  on  animals.  The  studies  that  are  briefly 
sutanarized  include  those  by  Heinemann  (see  capsule 
s luxury  AR-i! ,  Casady  and  Lehman  (see  capsule  sum¬ 
mary  AR-2),  and  Travis,  et- al.  (see  capsule  sum¬ 
maries  AR-3  and  AR-14) .  Also  mentioned  are  several 
French  studies. 


horn-type  sonxc  boom  simulator  (see  capsule 
summary  SM-4) .  The  simulated  booms  had  an  over¬ 
pressure  intensity  which  ranged  from  5.84  psf  for 
the  mink  nearest  the  simulator  to  1.6  psf  for  the 
most  distant  mink.  In  each  case  the  exposure  was 
made  on  the  day  approximately  40  percent  of  the 
females  in  each  group  had  whelped  (given  birth). 

The  booms  were  given  over  a  60-minute  period,  the 
second  following  the  first  by  45  minutes,  and  the 
third  following  the  second  day  by  15  minutes. 

Control  animals  were  not  boomed. 

The  following  are  the  most  significant  results 
obtained  in  this  experiment: 

1.  No  differences  were  found  among  the  experi¬ 
mental  treatments  for  length  of  gestation, 
number  of  kits  born  per  female  whelping, 
number  of  kits  alive  per  female  at  5  and  10 
days  of  age,  weight  of  kits  at  49  days  of  age, 
kit  pelt  value,  and  selling  price. 

2.  A  behavioral  study  showed  no  evidence  that  the 
female  mink  under  observation  were  sufficiently 
disturbed  by  sonic  booms  to  engage  in  kit 
packing,  kit  killing  or  to  disrupt  normal 
lactation. 

3.  Results  of  necropsy  examinations  showed  no 
mink  deaths  attributable  to  real  or  simulated 
sonic  booms.  Also,  no  evidence  was  found 
that  bacterial  disease  was  induced  in  the 
herd  following  exposure  to  sonic  booms. 

4.  There  were  no  detectable  differences  in  the 
overall  health  of  the  females  at  the  three 
sites  (control,  boom,  and  simulated  boom). 

The  overall  conclusion  drawn  from  these  results  was 
that  exposure  of  farm-raised  mink  to  intense  sonic 
booms  during  whelping  season  had  no  adverse  effect 
on  their  reproduction  or  behavior. 

An  earlier  investigation  was  conducted  which  was 
very  similar  to  the  present  investigation  except 
that  only  simulated  sonic  booms  were  U3ed  and  the 
females  were  exposed  to  the  booms  both  before  and 
after  whelping.  Mink  farmers  questioned  the  re¬ 
sults  of  that  investigation,  which  were  similar 
to  those  of  the  present  investigation,  on  the 


In  one  of  the  French  tests  comparisons  were  made 
between  the  behavior  of  broilers  in  two  poultry 
farms,  one  of  them  exposed  to  simulated  sonic 
booms  of  about  2  psf  intensity.  Tests  were  made 
on  the  growth  of  the  broilers  during  breeding  and 
laying.  The  preliminary  results  showed  that 
broilers  which  had  been  exposed  since  their  birth 
to  sonic  booms  at  a  rate  of  three  every  morning 
every  day  showed  a  startle  reaction  and  stopped 
all  activity  for  20  to  30  seconds  following  each 
boom. 

Another  French  study  war  concerned  with  the  effects 
of  sonic  booms  on  chick  embryos  during  hatching. 

In  this  experiment  chick  embryos  in  hatching  were 
exposed  to  three  sonic  booms  every  morning  and  three 
every  evening.  It  was  found  that  the  chicks  from 
these  eggs  were  normal. 

Wilson  (see  capsule  summary  AR-12)  gave  a  much  more 
extensive  and  complete  review  in  an  earlier  paper 
of  the  studies  that  have  been  conducted  concerning 
animal  response  to  soni„  boems. 

AR-16 

EFFECT  OF  SONIC  BOOM  OH  FISH 

Robert  R.  Rucker 

FAA  Report  No.  FAA-RD-73-39, 

February  1973 

The  results  of  a  series  of  experiments  conducted  to 
determine  the  effect  of  sonic  booms  on  fish  and 
fish  eggs  during  critical  stages  of  development  are 
discussed  in  this  report.  The  experiments  consisted 
of  both  fl-lu  and  laboratory  tests  conducted  at 
several  National  Fish  Hatcheries. 

Fish  eggs  reach  a  critical  period  at  a  certain  stage 
during  their  development  where  they  become  sensitive 
to  vibration  or  disturbance.  The  program  described 
in  this  paper  was  designed  to  determine  if  the  dis¬ 
turbances  caused  by  sonic  booms  could  have  a  detri¬ 
mental  effect  during  this  period.  The  procedures 
consisted  of  rearing  eggs  from  both  trout  and 
salmon  in  the  normal  manner,  excopt  that  they  were 
exposed  to  sonic  booms  produced  by  military  air¬ 
planes  during  their  most  critical  phase  of  develop- 
mant.  The  overpressures  involved  in  the  various 
tests  ranged  from  less  than  1  psf  to  over  4  psf. 


In  each  experiment  a  control  group  of  eggs  spawned 
at  the  same  time  as  the  experimental  group  was 
reared  m  a  separate  location  which  was  not  ex¬ 
posed  to  sonic  booms.  The  number  of  egg  and  fish 
fry  mortalities  for  each  of  the  two  groups  was  then 
compared.  The  results  of  the  comparisons  indicated 
that  the  sonic  boom  exposure  caused  no  increase  in 
mortality. 

In  an  additional  laboratory  study  that  was  conducted, 
salmon  eggs  were  exposed  in  a  simulator  to  sonic 
booms  from  0.65  psf  to  4  psf  overpressure  at  regular 
intervals  during  their  development.  The  eggs  were 
raised  to  the  feeding  stage  and  compared  with  a 
control  group  of  eggs  raised  in  the  normal  undis¬ 
turbed  manner.  No  noticeable  increases  in  mortality 
or  influence  on  normal  development  were  found. 

It  is  concluded  that  exposure  to  sonic  booms  of  the 
magnitude  characteristic  of  commercial  airplane  op¬ 
erations  will  not  have  a  detrimental  effect  either 
on  fish  spawning  m  nature  or  those  spawning  in 
hatcheries. 

This  was  an  excellent  investigation  and  it  was  the 
first  to  investigate  the  effect  of  sonic  booms  on 
fish  eggs.  The  only  other  investigation  that  has 
beer,  conducted  concerning  the  effects  of  sonic 
booms  on  fish  was  made  by  wilkens  (see  capsule 
summary  AR-11).  That  study  used  a  ballistic  range 
test  to  show  that  guppies  react  to  very  intense  sonic 
booms  but  are  not  harmed  by  them. 


4.  The  effects  of  habituation  for  both  sensi¬ 
tive  animals  as  wall  as  domesticated 
animals  have  not  been  determined. 

5.  The  effects  of  sonic  boom  on  terrestrial 
wildlife  are  largely  unreported. 

6.  The  effects  of  sonic  boom  on  aquatic  life 
are  unreported.  However,  the  first 
results  concerning  the  attenuation  of 
sonic  boom  in  water  suggest  that  these 
effects  should  be  small. 

Thl9  is  a  good  summary  of  the  state  of  knowledge 
as  of  1970  concerning  animal  response  to  sonic 
booms . 


AR-17 

kEp0RT  OS'  THE  SONIC  BOOM  PHENOMENON,  THE  RASCES  OF 
SONIC  BOOM  VALCFS  I  IK HUY  TO  BF  PRODUCED  BY  PLANNED 
SSI’S,  AND  THE  EFFECTS  OF  SONIC  BOOMS  ON  HUMANS , 
PROPERTY,  ANIMALS,  AND  TERRAIN 

Attachment  A  of  ICAO  Document  S694,  S3P/II,  Report 
of  the  Second  Meeting  of  the  Sonic  Scorn  Panel, 
Montreal,  October  Id  to  di  ,  I0!’’ 

Ibis  report  is  compose!  of  six  chapters,  each 
dealing  with  a  .ertair  aspect  of  sonic  boos 
phenomena  Ts-  present  capsuSe  suxraarv  sussar- 
Ires  or.lv  Chaster  wM  >-  is  entitled  "Scnic 
Boor  I  fleet*  jr  t  e  I -s'  »  i-.g'loe .  ” 

!  ,t  resu.ts  <,'  !  (■•')'  =-.s  studies  that  nave  been 

conducted  .vrffr'.*;  ,•  .-a;  response  to  sonic 
booms  ar.c  toe  tn.-ai  a- oee  -la!  ms  that  have  been 
Submit tet  as  a  res,.*  •  so-.c  ‘‘■oo-s  are  reviewed 
in  Chapter  The  following  conclusions  were 
reached  as  a  result  f  t- is  review: 

i.  There  are  /af.i.sg  reactions  of  startle, 
ranging  iron  mild  !e.g,  head-raising, 
bellowing  .n  a  few  percent  of  the  large 
farm  an.malo  to  severe  (crowding  or  pan¬ 
demonium,  in  >iJ  of  chicken.*  in  one  survey). 

I,  Clai-s  abjudications  have  awarded  signi¬ 
ficant  amounts  for  animal  startle  effects 
which  have  not  been  substantiated  in  con¬ 
trol  led  experiments. 

1.  There  are  no  measurable  effects  of  sonic 

boom  on  egg  production  (except  for  one  case 
of  a  marked  drop  for  pheasants  where  other 
adverse  effects  were  present),  milk  produc¬ 
tion,  and  food  con sump t ion . 
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8.0  THRESHOLD  MACH  NUMBER 


TM-1 

METHODS  FOP.  ESTIMATING  DISTRIBUTIONS  AND 
INTENSITIES  OF  SONIC  BANGS 
D.  G.  Randall 

Aeronautical  Research  Council  Technical  Report, 

R.  M.  No.  3113,  1959 

This  paper  is  basically  concerned  with  the  propa¬ 
gation  of  sonic  booms  in  a  stratified  atmosphere. 
For  a  discussion  of  that  portion  of  the  paper  the 
reader  is  referred  to  capsule  tuimury  F-21.  The 
present  capsule  sunsnary  discusses  only  the  portion 
of  the  paper  which  deals  with  the  intensification 
of  sonic  booms  on  the  ground  due  to  flight  at  the 
threshold  Mach  number.  This  intensification  is 
due  to  the  convergence  of  the  sound  rays  as  their 
slopes  become  horizontal. 

The  following  simple  equation  is  given  for  pre¬ 
dicting  the  aircraft  speed  at  which  no  booms  will 
reach  the  grounds 

V  -£u<a 

9 

wnere  V  »  airplane  speed 

Gw  -  amount  that  headwind  speed  at 
aircraft  altitude  exceeds  that 
on  ground 

and  a^  «  speed  of  sound  at  ground  level. 

The  figure  below,  which  was  taken  from  this  paper, 
shows  the  results  predicted  by  this  equation  for 
various  altitudes  and  wind  speeds. 


ThreOutU  Mach  number  n  alluuJe 

A r!  estimation  is  made  of  the  amount  of  intensi¬ 
fication  tr.at  results  from  the  convergence  of  the 
rays  at  ground  level  caused  by  flight  at  the  thresh- 
o.  i  Mach  .'umber  by  computing  the  overpressure  thst 
re-alts  w.,en  all  of  the  disturbances  produced  by 
'-he  a.rcratt  over  a  given  portion  of  its  flight 
path  arrive  at  the  same  point  simultaneously. 
However,  the  resulting  equation  overestimated  the 
intensification  because  second  order  effects  were 
igr.oied.  The  reader  is  referred  to  capsule  sum¬ 
mary  CN-I3  for  the  results  of  an  experimental 
investigation  of  the  intensification  at  the  caustic 
resulting  frisr.  flight  at  the  Threshold  Mach  nusber. 

This  was  the  first  theoretical  treatment  of 
threshold  Mach  number  flight.  The  equation  given 
here  for  the  aircraft  speed  at  which  r,o  booms  will 
ream  the  ground  is  essentially  the  same  as  the 


one  used  later  by  Xane  and  Palmar  (see  capsule 
sunnary  TM-3)  for  confuting  the  cutoff  Mach 
number. 

TH-2 

GROUND  MEASUREMENTS  OF  AIRPLANE  SHOCK -WAVE  NOISE  AT 
MACH  NUMBERS  TO  2.0  AND  AT  ALTITUDES  TO  60,000  FEET 
Lindsay  J,  Lina  and  Domenic  J.  Maglieri 
NASA  TN  D-235,  March  I960 

In  the  investigation  described  in  this  report, 
measurements  of  sonic  boom  end  overpressures  were 
made  near  the  ground  track  for  flights  of  a  super¬ 
sonic  fighter  and  ons  flight  of  a  supersonic  bomber. 
Most  of  the  results  deal  with  sonic  boom  generation 
theory,  and  for  a  summary  of  these  results  the 
resder  is  referred  to  capsule  summitry  G-9  .  The 
present  capsule  summary  discusses  only  that  portion 
of  the  results  dealing  with  flight  near  the  cut¬ 
off  Mech  number. 

The  figure  below,  which  was  taken  from  the  paper, 
shows  a  comparison  of  smasured  data  near  the  cut¬ 
off  Mach  number,  and  values  predicted  using 
Whithsm's  asymptotic  theory  (see  capau'**  summary 
G-3).  The  figure  shows  that  the  sonic  bo  cm  inten¬ 
sity  decreased  as  Mach  number  was  decreased  to  the 
cut-off  Mach  number  and  the  maximum  value  of  &P 
obtained  was  only  about  40  percent  greater  than 
that  predicted  by  Mhithen's  theory.  It  is  hy¬ 
pothesised  that  this  result  may  be  in  some  way 
related  to  the  focusing  effect  of  refraction. 

It  is  pointed  out,  however,  thst  the  large  inten¬ 
sification  at  the  cut-off  Mach  nuaber  predicted 
by  Randall's  theory  (see  capsule  summary  TM-1) 
was  not  detected. 
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Shock  strength  vantlion  near  cutoff  Mach  number 


The  arrival  times  were  the  same  for  both  free  air 
and  ground  microphones  (vertically  displaced)  indi¬ 
cating,  at  expected,  that  the  shock  wave  was  perpen¬ 
dicular  to  the  ground  at  the  cut-off  Mach  nusfeer. 
Furthermore,  no  reflected  wave  was  seen  on  the  free- 
air  trace,  end  the  intensity  measured  by  the  free- 
air  microphone  was  the  same  as  that  measured  by  the 
ground  microphone. 

The  cut-off  Mach  number,  predicted  from  rawinsonde 
date  using  the  equation  proposed  by  Randall  (see 
capsule  suamery  TM-1),  wae  1.22,  which  agreed  with 
the  measured  cut-off  Mach  numbers  within  about 

*0.02. 
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A  discussion  is  then  presented  of  the  effect  of 
flight-path  angle  on  the  cut-off  Mach  number.  On 
the  basis  that  flight-path  angle  changes  are 
equivalent  to  changes  in  the  Mach  angle  as  far  as 
propagation  direction  is  concerned,  the  following 
relation  is  given  for  determining  the  variation 
of  cut-off  Mach  nunber  with  flight-path  anglet 


.  -1  l 

sin  (sin  —±_-  l ) 


Focusing  under  the  flight  track,  which  occurs  for 
flight  at  the  threshold  Mach  number,  is  then  dis¬ 
cussed.  Focusing  takes  place  when  cut-off  occurs 
at  the  ground.  The  following  formula  is  given  for 
determining  the  Mach  number  at  which  focusing  on 
the  ground  may  occur. 

<a+U)g  -  Uft 

><FOCUS  *  — ™ - if  and  only  if  (a+U)  * 


(a+U) 


max 


where  M.  ■  cut-off  Mach  number  for  flight  psth 
angle 

and  M.  «  cut-off  Mach  number  for  steady  level 
“  flight 

A  clime  maneuver  made  at  a  combination  of  flight- 
patn  angle  and  Mach  number  close  to  the  condition  at 
vhi-h  cut-off  was  -redicted  resulted  in  a  measured 
overpressure  of  0.07  psf  compared  to  an  overpressure 
0.56  psf  for  level  flight  at  the  same  Mach  number 
and  altitude.  This  result  indicated  that  cut-off 
cid  occur,  as  predicted. 

This  was  the  first  flight-test  investigation  m 
which  measurements  were  made  of  the  pressure  signa¬ 
tures  resulting  from  steady  level  flight  at  speeds 
near  the  threshold  Mach  number.  A  similar  investi¬ 
gation  was  made  later  by  Maglien  and  Hilton  (see 
capsule  summary  TM-5)  leading  to  similar  results. 
However,  neither  of  these  investigations  was  as 
extensive  as  the  one  made  by  Kaglund  and  Kane  (see 
capsule  summary  TM- 11). 

TK-3 

METEOROLOGICAL  ASPECTS  OF  THE  SONIC  BOOK 
Edward  J.  /.ar.e  and  Thomas  Y.  palmer 
Federal  Aviation  Agency  3RDS  Report  Mo.  RD  64-160, 
September  1964 

report  presents  an  extensive  analysis  of  atmes- 
pneric  effects  on  the  propagation  of  sonic  boom*. 
This  analysis  is  summarized  In  capsule  summary  P-42. 
The  present  capsule  summary  discusses  only  the  por¬ 
tion  of  she  paper  dealing  with  the  complete  cut-off 
cf  the  shock  wave  that  occurs  for  flight  at  Mach 
Numbers  below  the  "cutoff"  Mach  number. 

The  following  expression  Is  given  for  the  largest 
Mach  number  at  which  complete  cutoff  of  tne  shock 
wave  takes  place: 


M 

cut-off 


(e*U) 


max 


U 

a 


where  a  *  sound  speed  at  some  level  between  the 
airplane  and  the  ground 
U  *  tailwind  speed  component  at  the  same 
level  as  selected  for  a  (U  is  negative 
if  it  is  a  headwind  component) 

"  *  tailwind  component  at  airplane  (U^  is 

a  negative  if  it  is  a  headwind  component) 
*  sound  speed  at  airplane 


(a+U)  »  largest  value  of  sound  speed  and 

aax  wind  component  speed  which  occurs 

between  the  airplane  and  the  ground. 


From  this  formula  it  can  be  seen  that  a  headwind  in¬ 
creases  the  cut-off  Mach  number  and  a  tailwind 
decreases  it. 


where  (A+U) 

9 


sum  of  sound  speed  and  tailwind 
component  at  the  ground. 


If  the  quantity  (a+U)  is  not  largest  at  the  ground, 
cutoff  and  possible  focusing  will  occur  at  the  level 
where  this  quantity  has  its  greatest  value.  Thus 
focuclng  at  the  qround  will  occur  only  when  the  cut¬ 
off  Mach  number  is  equal  to  the  threshold  Mach  num¬ 
ber.  The  above  formula,  therefore,  also  gives  the 
threshold  Mach  number. 


In  another  portion  of  the  paper  it  is  pointed  out 
that  as  the  shock  wave  becomes  perpendicular  to  the 
ground  the  reflection  factor  must  change  in  some 
manner  from  2.0  to  1.0.  Thus  the  focusing  effect 
that  occurs  when  the  shock  wave  becomes  perpendicular 
to  the  ground  will  be  of  a  reduced  nature,  as  a  re¬ 
sult  of  the  smaller  reflection  factor. 


The  equation  given  in  this  report  for  determining 
the  cutoff  Mach  number  has  been  used  in  nearly  ail 
later  investigations  dealing  with  threshold  Mach 
number  operations  (see  capsule  summaries  TM-4,  TM-5, 
TM-6,  TM-7,  TM-e,  TH-9,  and  TM-13) .  The  prediction 
made  in  this  report  that  the  reflection  coefficient 
changes  from  2.0  to  1.0  as  the  shock  wave  becomes 
perpendicular  to  the  ground  was  verified  by  the 
results  of  a  iater  experimental  investigation  (see 
capsule  summary  TH-13),  Thus,  although  the  portion 
of  this  paper  dealing  with  flight  near  the  cutoff 
Mach  number  is  brief,  two  significant  contributions 
to  the  theory  were  made. 


TM-4 

AIRLINE  OPERATION  OF  HOCTL  742-228  TRANSONIC  TRANSPORT 

HEAR  CUTOFF  MACH  NUMBER 

D.E.  Cuadra  and  R.A.  Mangiarotty 

Boeing  Company  Document  D6-14024  TN,  November  1965 

This  report  presents  the  results  of  a  study  con¬ 
ducted  to  determine  the  variation  in  cutoff  Mach 
number  over  the  Los  Angeles-New  York  route  for 
mean  and  95»  probabilities  cf  meteorological  condi¬ 
tions,  assuming  flight  at  45,000  feet  pressure 
altitude.  Also  included  in  the  study  is  a  calcu¬ 
lation  cf  the  probability  of  exceeding  the  actual 
cutoff  Mach  number  if  a  Mach  number  schedule  based 
on  available  airline  weather  data  i.  used  and  flight 
is  held  to  0,02  Mach  less  than  the  cutoff  predicted 
by  the  95%  meteorological  profiles. 

The  mean  (most  probable)  and  the  95%  (2o)  wind 
intensities  and  temperature  profiles  were  compiled 
for  nine  stages  between  New  York  and  Los  Angeles, 
and  the  resulting  cut-off  Mach  number  was  computed 
for  each  of  these  stages  for  the  months  of  January, 
April,  July,  and  October.  Based  on  these  results, 
the  probability  of  exceeding  the  actual  cutoff  Mach 
number  anywhere  along  the  route  when  the  aircraft 
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speed  along  the  route  it  held  to  a  Mach  number 
schedule  based  on  available  airline  weather  data  at 
the  beginning  of  the  flight,  and  the  flight  is  held 
to  0.02  Mach  less  than  the  cutoff  predicted  by  the 
initial  95%  profiles  was  deterained  to  be  about  3%. 

The  influence'  of  the  jet  stream  on  domestic  routes 
is  then  discussed.  The  main  effect  is  that  it  re¬ 
sults  in  lower  cutoff  Mach  numbers  on  west-to-east 
than  east-to-west  flights.  The  main  problem  with 
jet  stream  winds  is  that  it  is  difficult  to  forecast 
them  accurately. 

It  is  pointed  out  m  a  later  paper  by  Haglund  (see 
capsule  sunmary  TM-9)  that  the  use  of  statistical 
atmospheric  data  in  the  present  paper  gives  a  fairly 
accurate  mean  threshold  Mach  number,  but  it  results  in 
a  significant  underestimation  of  the  variability  of  the 
threshold  Mach  number.  The  correct  method  of  deter¬ 
mining  the  climatology  of  the  threshold  Mach  number, 
Haglund  points  out,  is  to  use  a  large  number  of 
atmospheric  soundings  of  temperature  and  wind  to 
compute  a  large  number  of  threshold  Mach  numbers, 
and  then  to  perform  the  statistical  analysis  on  the 
threshold  Mach  numbers  themselves. 

EXPERIMENTS  ON  THE  EFFECTS  OF  ATMOSPHERIC  REFRACTION 

AND  AIRPLANE  ACCELERATIONS  ON  SONIC-BOOM  GROUND 

PRESSURE  PATTERNS 

Donwnic  J.  Maglieri,  David  A.  Hilton,  and  Nontan  J. 

McLeod 

NASA  TOD  -3520,  July  1966 

C.-.v  results  of  a  fiignt-t-st  investigation  of  the 
tffects  of  atmospheric  refraction  and  airplane  ac¬ 
celerations  or.  sonic  boon  ground  pressure  patterns 
c-e  presented  m  this  paper.  The  present  cap3ule 
summary  discusses  only  the  portion  of  the  paper 
dealing  with  the  signatures  measured  for  steady 
level  flight  at  cutoff  Mach  number.  For  a  summary 
of  the  results  presented  in  the  remainder  of  the 
paper,  see  capsule  summary  P-6C. 


The  results  ahewn  i.-.  the  figure  a  lac  suggest  that 
there  might  be  a  tendency  for  pleasure  build-upa  due 
to  grazing  but  beeauae  of  the  relatively  low  reflec¬ 
tion  factor  for  this  condition  the  resulting  ground 
overpressure  valuer  are  of  the  sane  order  of  magni¬ 
tude  as  those  predicted  for  steady  level  flight  at 
higher  Mach  numbers.  Definite  shock-type  signatures 
were  observed  for  Mach  misters  well  above  grazing, 
and  for  Mach  numbers  well  below  grazing,  no  booms 
were  observed.  At  Mach  r.umoers  lust  slightly  below 
grating,  the  signatures  observed  were  believed  to 
be  acoustic  ir.  nature. 

This  was  the  second  flight-test  investigation  con¬ 
cerning  threshold  Mach  number  flight.  The  first  was 
conducted  in  1960  (see  capsule  suzetaty  TM-2) .  Both 
of  these  investigations  obtained  similar  results. 

The  most  extensive  investigation  of  threshold  Macs 
number  flight  was  made  by -Haglund  and  Kar.e  ir,  c 
later  report  (see  capsule  summary  TM-13). 

TK-0 

PASSENGER  TRANSPORT  AT  LOW  SUPERSONIC  SPEEDS 
E.  S.  Bradley,  W.  M.  Johnston,  and  C.  ii.  von  Keszycki 
AIAA  Paper  No.  69-776,  Presented  at  AIAA  Aircraft  Design 
and  Operations  Meeting,  Los  Angeles,  California,  July 
14-16,  1969 

This  paper  presents  preliminary  study  results  for  a 
commercial  passenger  transport  cruising  at  Mach  1.15. 
Included  m  this  study  are  the  following  topics: 

(1)  effects  of  non-standard  atmospheric  conditions  m 
temperature  and  wind  on  the  cruise  Mach  number  and 
ground  speed  for  which  sonic  boom  cut-off  occurs  on 
the  ground;  (2)  characteristics  of  ground-observed 
overpressure  signatures  m  the  event  of  an  accidental 
excess  of  speed  beyond  the  limit  ensuring  occurrence 
of  a  cut-off  above  the  ground  level;  and  (3)  a  pre¬ 
liminary  configuration  study  of  a  low-supersonic 
transport. 


Five  supersonic  flights  were  conducted  in  an  attempt 
tc  better  define  the  grazing  condition.  The  results 
are  shown  in  the  figure  below,  which  was  taken  from 
tins  paper.  The  figure  shows  that,  fur  the  cases  in 
which  booms  were  heard,  the  measured  overpressures 
fell  between  the  value  calculated  from  Vfhitham's 
asymptotic  theoiy  (see  capsule  summary  G-3)  using 
a  reflection  factor  of  1  and  the  value  calculated 
using  a  reflection  factor  of  2.  This  is  in  agree¬ 
ment  with  the  prediction  made  by  Kane  and  Palmer 
(see  capsule  sunmary  7H-3)  that  the  reflection  factor 
must  change  from  -.0  for  a  weak  oblique  shock  front 
to  1.9  for  a  normal  shock  front. 
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The  discussion  concerning  the  effects  of  non-standard 
atmosphere  conditions  on  the  cutoff  Mach  number  is 
very  brief.  It  shows  that  the  threshold  Mach  number 
can  vary  from  1.02  for  a  cold  day  with  a  tailwind  to 
1.24  for  a  standard  day  with  a  headwind.  The  cruise 
design  Mach  number  for  this  study  was  arbitrarily 
chosen  as  H  »  1.15,  which  is  equal  to  the  cut-off 
Mach  number  for  standard  atmospheric  conditions. 

The  investigation  of  the  characteristics  of  the 
pressure  signatures  resulting  when  the  cutoff  Mach 
number  is  exceeded  slightly  resulted  in  the  conclusion 
that  they  would  probably  be  sore  acceptable  than  those 
resulting  from  a  high-speed  SS7 .  This  conclusion  was 
based  on  the  hypothesis  that  a  near  field  signature 
would  exist  for  an  aircraft  with  a  fuselage  length 
of  350  feet  cruising  at  an  altitude  of  40,000  to 
50,000  feet,  and  the  possibility  that  the  signature 
might  be  of  the  acoustic  type,  having  no  shock  waves. 

The  aircraft  selected  for  the  preliminary  design 
study  was  a  450  passenger  commercial  transport  with 
«  still  air  range  of  2S00  n.m.  at  maxisjuir.  payloac 
and  a  cruise  Mach  number  of  1,15,  The  study  re¬ 
sulted  ir.  an  aircraft  with  a  payload  of  92,500 
pounds,  a  gross  weight  of  711,478  pounds,  an  initial 
cruise  altitude  of  44,000  feet,  a  takeoff  distance 
at  maximum  gross  weight  of  8,000  feet,  and  four 
engines,  each  having  a  static  sea  level  thrust  of 
48,300  pounds.  A  strongly  waisted  fuselage,  a  vari¬ 
able  sweep  wing,  and  a  delta  planform  horizontal 
stabilizer  characterized  the  airplane  design. 
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It  is  concluded  that,  within  the  framework  of  the 
limited  preliminary  studies  conducted,  the  concept 
of  a  low  supersonic  transport  appears  feasible  for 
thj  2500  n,ra.  range. 

The  conclusion  reached  in  this  paper  that  an  acoustic- 
type'  signature  would  probably  be  received  or.  the 
ground  if  the  airplane  slightly  exceeded  the  cutoff 
K- -  r.witber  is  incorrect,  as  shown  by  the  results  of 
a  later  investigation  by  Haglund  and  Kane  {see  capsule 
summary  TM-13).  It  was  found  in  that  investigation 
that  a  caustic  occurs  at  the  cutoff  level  and  only 
below  that  level  does  the  signature  decay  to  an 
acoustic  wave.  For  a  case  in  which  the  cutoff  Mach 
number  was  slightly  exceeded,  the  cutoff  would  occur 
at  or  below  ground  level. 

TO- 7 

THRESHOLD  MACH  NUMBER  STUDY 

M.  A.  Coote  and  E.  J.  Kane 

toeing  Company  Document  D6-244S5-TN,  October  1969 

Ar.  investigation  of  the  feasibility  of  airline  opera¬ 
tions  in  the  low  supersonic  speed  regime  without 
producing  a  boom  on  the  ground  is  presented  in  this 
paper.  Included  in  the  investigation  are  the  effects 
of  meteorological  conditions,  the  effects  of  pertur¬ 
bations  in  the  meteorological  data,  and  operational 
systems  for  controlling  the  airplane  speed  to  avoid 
the  generation  of  sonic  boons  on  the  ground. 

An  envelope  of  airplane  ground  speed  and  Mach  num¬ 
ber  was  determined  by  considering  the  maximum 
variation  in  these  quantities  for  various  atmos¬ 
pheric  models.  Cutoff  was  achieved  by  insuring  that 
the  airplane  ground  speed  was  always  less  than  the 
shock  propagation  speed  at  the  ground.  The  result¬ 
ing  Mach  nuaber  range  was  1.0  to  1.326,  and  the 
resulting  ground  speed  range  was  62 2  knots  to  67S 
knots. 

The  effects  of  perturbations  in  the  meteorological 
data  are  taken  into  account  by  building  safety 
factors  into  the  system.  The  perturbations  con¬ 
sidered  are  wind  gusts,  temperature  measurement 
errors,  safe  altitude  effects,  and  temperature 
inversions.  It  is  shown  that  allowances  for  wind 
gusts  could  reqjire  as  much  as  a  20  knot  reduction 
in  ground  speed.  The  effects  of  errors  in  the 
measurement  of  ground  temperature  are  shown  to  be 
smail,  and  the  accuracy  required  is  within  li  to 
2*F. 

The  safe  altitude  is  the  lowest  altitude  reached 
by  the  shock  wave  ana  the  'buffer'  tone  between 
there  and  the  ground  is  used  to  damp  out  the  acoustic 
signal  propagating  from  the  shock.  The  safe  alti¬ 
tude  effect  is  approximated  in  tins  study  by  assum¬ 
ing  a  constant  speed  penalty  of  10  knots.  A  tem¬ 
perature  inversion  is  shown  to  be  beneficial  in 
that  it  is  an  automatic  safety  factor. 

Several  ground  speed  control  methods  are  con¬ 
sidered  which  will  provide  boom-free  ground  con¬ 
ditions.  Each  of  the  methods  assumes  varying  degrees 
of  complexity,  t-  e  purpose  of  which  is  to  expand 
the  ground  speed-Kach  n ember  envelope,  thereby 
improving  the  average  ground  speed.  The  simplest 
system  is  the  constant  high  subsonic  Mach  number 
cruise  which  has  an  average  ground  speed  of  560 
knots  but  suffers  from  a  wide  range  in  ground 
speed  of  approximately  ?15%.  The  most  coeplc-x 
method,  an  inflight  planning  method,  combines  a 


fully  automated  on-board  control  system  with  a 
fine  mesh  of  automated  weather  stations  on  the 
ground.  The  method  allows  the  ground  speed  to  be 
continually  varied  in  a  smooth  manner,  thereby 
maximizing  the  ground  speed.  The  average  ground 
speed  in  this  case  was  approximately  645  knots  with 
a  maximum  Mach  nuaber  over  1.30. 

Th»  recommended  ground  speed  control  method  is  an 
inflight  planning  method  which  combines  the  auto¬ 
mated  on-board  system  wit.i  the  existing  net  of 
weather  stations.  The  on-board  speed  control  system 
is  a  combination  of  an  inertial  navigation  system, 
an  accurate  airplane  Machaeter,  and  a  computer. 

Using  this  method,  the  airplane  ground  speed  is 
varied  in  flight  at  certain  discrete  points  along 
the  ground  track  depending  on  the  inputs  from  the 
ground  stations.  Due  to  the  uncertainties  in 
weather  conditions  between  weather  stations,  an 
additional  safety  factor  of  approximately  15  knots 
is  included.  With  this  method  the  airplane  must 
be  capable  of  cruising  efficiently  over  a  wide 
range  in  Mach  number,  i.e.,  0.99  to  1.3,  while  the 
variation  in  ground  speed  and,  more  importantly, 
productivity  is  only  6%  about  a  mean  speed  of 
630  knots. 

There  have  been  several  other  papers  written  con¬ 
cerning  the  feasibility  of  airline  operations  in 
the  threshold  Mach  number  regime  (see  capsule 
summaries  TM-4,  TJt-6,  TH-8,  and  TH-9).  However, 
this  investigation  is  the  only  one  which  considers 
ground  speed  control  methods.  This  was  also  the 
first  paper  to  show  that  the  condition  which 
insures  cutoff  is  that  the  airplane  ground  speed 
be  less  than  the  propagation  speed  of  the  shock  at 
ground  level. 

TH-B 

A  PRELIMINARY  CLIMATOLOGY  OF  THE  THRESHOLD  MACH 

NUMBER 

George  T.  Haglund 

Boeing  company.  Commercial  Airplane  Division,  Document 

No.  D6-23619  TO,  February  X970, 

This  paper  is  essentially  the  same  as  the  one  de¬ 
scribed  in  capsule  summary  TM-9.  However,  the 
present  paper  contains  appendices  not  included  in 
the  later  paper.  The  present  capsule  suroary  dis¬ 
cusses  only  the  material  contained  in  the  appendices 
of  this  report.  For  a  summary  of  the  rest  of  the 
report  see  capsule  s nonary  TM-9. 

The  topics  discussed  in  the  appendices  ares  (X) 
effect  of  airplane  heading  on  the  threshold  Mach 
number;  (2)  effect  of  airplane  climb  or  descent  on 
threshold  Mach  number;  (3)  the  "improved"  shock 
propagation  speed;  and  (4)  the  possibility  of  sonic 
booms  occurring  during  cruise  slightly  below  Mach 
1.0. 

For  a  given  wind  speed  profile  below  an  airplane, 
as  the  airplane  heading  is  changed,  the  threshold 
Mach  number  and  ground  speed  change,  since  the 
headwind  component  changes.  These  effects  are 
illustrated  by  computing  the  threshold  Mach  numbers 
and  ground  speeds  for  a  number  of  different  air¬ 
plane  headings  at  45,000  feet  for  each  of  four 
model  atmospheres.  The  results  shew  that  the  varia¬ 
tions  with  airplane  heading  are  significant. 


The  brief  discussion  of  the  effect  of  airplane 
climb  or  descent  on  threshold  Hach  number  is  based 
upon  the  equation  presented  in  an  earlier  paper  by 
Lina  and  Maglieri  (see  capsule  summary  TH-2) .  The 
conclusion  of  this  brief  discussion  is  that  opera¬ 
tional  use  of-  the  clisb  effect  during  cruise  does 
not  appear  feasible. 

The  effect  of  using  an  "is^proved"  shock,  propaga¬ 
tion  spec  ,  which  takes  into  account  nonlinear 
effects,  or.  the  altitudes  at  which  the  caustic 
occurs  for  threshold  Mach  number  flight  is  shown 
to  be  small.  For  a  shock  wave  with  an  overpressure 
of  2.0  psf  under  standard  sea-level  no-wind  condi¬ 
tions,  the  results  show  that  the  shock  velocity  is 
0.04  percent  greater  then  the  local  speed  of  sound, 
the  threshold  Mach  number  is  also  increased  by  0.04 
percent,  and  the  caustic  a! citude  is  about  100  feet 
higher  above  the  ground.  It  is  concluded  that,  in 
most  cases  for  weak  shock  waves,  the  use  of  the  im¬ 
proved  shock  propagation  speed  in  the  calculation 
of  the  threshold  Mach  number 'is  not  justified  since 
much  larger  errors  are  present  due  to  inaccuracies 
in  the  measurement  of  the  temperature  and  wind 
profiles. 

The  threshold  Mach  number  equation  in  the  form 
shewn  below,  is  used  to  investigate  the  possibility 
of  sonic  boons  during  cruise  slightly  below  Mach  1.0. 

+  “A  *  ia(2)  +  U(Z,lnax 

where  *  threshold  Mach  number 

a^  =  sound  speed  at  airplane  altitude 
*  wind  speed  at  airplane  altitude 

and  [a  ♦l!(Z)J  >  maximum  value  of  sum  of  Soon-* 

ibj  max  .  ,  ,  , 

speed  and  wind  component  speed 

between  airplane  and  ground 

The  left-hand  side  of  the  equation  is  simply  the  air¬ 
plane  ground  speed  ar.d  the  right-hand  side  is  the 
maximum  shock  wave  propagation  speed  below  tiie  air¬ 
plane.  A  sonic  boom  is  heard  on  the  ground  when  the 
airplane  ground  speed  is  greater  than  tile  maxirim 
shock  propagation  speed.  A  solution  to  the  equation 
exists,  however,  when  is  less  than  1.0.  This 
occurs  when  C  and  a  are  large  enough  so  that  the 
airplane  ground  speed  is  equal  to  [a(Z)  ♦  U(Z) )  , 

although  is  less  than  1.0.  This  can  occur 
with  a  strong  tailwind  at  the  airplane,  and  the 
most  favorable  condition  is  to  have  a  large  wind 
qradier.t  just  below  the  airplane  so  that  the  energy 
of  the  pressure  disturbances  is  formed  into  a  shock 
wave,  close  to  the  airplane.  An  order -of -magnitude 
estimate  showed  that  the  tailwind  gradient  required 
for  shock  formation  is  not  out  of  the  ordinary. 

It  is  pointed  out,  however,  that  true  assessment 
of  the  possibility  of  sonic  Doom  from  slightly  sub¬ 
sonic  flight  will  have  to  wait  for  experimental 
verification. 

TM-9 

A  PRELIMINARY  CLIMATOLOGY  OF  THE  THRESHOLD  MACH 
NUMBER  AND  IMPLICATIONS  FOR  BOOMLESS  SUPERSONIC  FLIGHT 
George  T.  Haglund 

Paper  Presented  at  the  Fourth  Conference  or.  Aerospace 
Meteorology,  Am.  Moteorol,  Soc.  and  AiaA,  Las  Vegas, 
Nevada,  May  1970,  pp,  299-413 

The  results  of  a  preliminary  attempt  to  specify  the 
limits  and  feasibility  of  boomless  supersonic 
cruise  are  presented  in  this  paper.  The  San  Francisco 


to  New  York  City  route  is  considered,  and  the  factors 
investigated  include  the  operating  environment, 

Mach  number,  and  ground  speed  of  a  low  supersonic 
airplane  with  the  restriction  of  no  sonic  boom  at 
the  ground. 

The  equation  used  for  determining  the  threshold 
Mach  number  is  the  one  given  in  capsule  summary 
TM-3,  Also,  3ust  as  was  done  it.  the  paper  summarized 
in  capsule  summary  TH-7,  a  10  knot  safety  factor  is 
applied  to  the  ground  speed  corresponding  to  the 
threshold  Hach  number.  The  purpose  of  this  safety 
factor  is  to  assure  that  the  caustic  occurs  at  a 
high  enough  altitude  above  the  ground  so  that  the 
acoustic  waves  are  sufficiently  damped  out  before- 
reaching  the  ground.  Applying  this  safety  factor 
results  in  a  "safe*-  threshold  Mach  number  ar.d  a 
"safe"  ground  speed. 

Four  cities  (Oakland,  Denver,  Peoria,  and  New  York 
City)  along  the  San  Francisco  to  New  York  route  were 
chosen  for  use  in  investigatin',  “die  variation  in 
threshold  Mach  number  along  the  route.  These  cities 
were  chosen  since  they  were  the  only  ones  for  which 
the  required  meteorological  data  were  available. 

In  addition  to  the  variation  in  safe  threshold  Hach 
number  and  safe  ground  speed  from  city  to  city,  the 
variation  in  these  quantities  from  season  to  season 
was  determined. 

The  meteorological  data  for  each  city  included  alaest 
5000  atmospheric  soundings  and  consisted  of  tempera¬ 
ture  and  wind  observations  up  to  55,000  feet.  The 
safe  threshold  Mach  number  and  safe  ground  speed 
were  determined  for  each  individual  sounding.  These 
results  were  then  used  to  make  a  statistical  analysis 
of  the  safe  threshold  Mach  maber  and  sate  ground 
speed  for  each  city  and  for  various  seasons.  In¬ 
cluded  in  this  analysis  is  a  computation  of  the  route 
3»an  safe  threshold  Mach  numbers,  which  were  com¬ 
puted  from  a  formula  which  weighted  the  safe  thresh¬ 
old  Mach  mmiiere  for  each  of  the  four  cities  accord¬ 
ing  to  the  approximate  amount  of  the  flight  path 
which  was  represented  cy  the  results  for  that  city. 
The  table  below,  which  was  taken  from  this  paper, 
shows  a  sample  of  the  results  obtained. 
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MOST  PROBABLE  AND  EXTREME  SAFE  THRESHOLD 
MACK  NUMBERS  AT  OAKLAND.  DENVER.  PEORIA, 

AND  NEW  YORK  CITY  (ANNUAL) 

This  route  aoan  safe  ground  speed  data  were  used  to 
compute  block  tines  for  bootless  supersonic  flight 
ever  the  San  Francisco  to  New  York  City  Route.  It 
was  found  that  a  block  time  cf  4.0  hours  or  less, 
compared  to  typical  subsonic -block  tines  of  about 
£.2  hours,  could  be  flown  almost  100%  of  the  tine 
during  eastbound  flights  and  about  70%  of  the  tine 
for  westbound  flights.  Very  little  variation  of 
block  tine  was  found  with  season  of  year.  It  was 
found  that  during  strong  tailwind  situations  in 
winter,  the  threshold  Mach  number  may  be  close  to 
1.0  but  the  airplane  ground  speed  is  high.  It  is 
pointed  cut  that,  for  this  case,  it  nay  be  feasible 
to  operate  at  Mach  0.95  with  only  a  slight  reduc¬ 
tion  in  ground  speed.  A  conservative  block  time  for 
such  flights  would  be  about  4.3  hours,  however, 
this  concept  would  require  a  very  versatile  air¬ 
plane  Mach  number  capability. 

The  final  topic  considered  is  the  effect  of  neso- 
scalc  meteorological  variations  on  the  safe  thresh¬ 
old  Mach  number  and  safe  ground  speed.  It  is 
concluded  that  either  an  additional  safety  factor 
reduction  in  the  allowable  ground  speed  is  needed 
or  sophisticated  instrumentation  will  be  needed 
to  measure  the  variations  and  to  control  the  air¬ 
plane  cruise  conditions  accordingly  to  ensure  that 
no  noise  occurs  at  the  ground. 

In  a  previous  threshold  Mach  nuicber  study  (see 
capsule  sumary  TM-4) ,  statistical  atmospheric 
data  (means  and  standard  deviations)  at  only  sever, 
altitudes  were  used  to  compute  average  monthly 
and  95%  probability  threshold  Mach  numbers.  It 
is  pointed  out  lr-  the  present  paper  that  such  an 
approach  gives  a  fairly  accurate  mean  threshold 
Mach  number,  but  it  significantly  underestimates 
tne  variability  cf  the  threshold  Mach  number. 

The^  method  used  in  the  present  paper  is  the  correct 
wav  to  determine  the  climatology  of  the  threshold 
Mach  number  and  consists  of  using  a  large  number 
of  atmospheric  soundings  of  temperature  and  wind 
to  c depute  a  large  number  of  threshold  Mach  num¬ 
bers,  and  then  to  perform  the  statistical  analysis 
or.  the  threshold  Mach  numbers  themselves. 

This  is  the  most  extensive  investigation  of  this 
type  that  has  been  conducted. 

TM-iO 

A  MOTE  ON  THE  CALCULATION  OF  "CUT-OFF"  MACH  NUMBER 

J.  H.  Nicholla 

The  Meteorological  Magazine,  Vol.  ISO,  Mo.  1133, 

February  1971,  pp.  33-46 

This  paper  presents  a  derivation  of  the  cutof  *  Mach 
number.  The  resulting  equation  for  the  cutoff  Mach 


m»Bber  differs  from  that  given  earlier  by  Kane  and 
Palmer  (see  capsule  summary  TM-3) ,  and  it  is 
claimed  that  the  earlier  result  is  in  error. 

However  it  is  shown  in  a  later  note  by  Haglund  and 
Kane  (see  capsule  s  unwary  P-1C7)  that  the  discrep¬ 
ancy  in  equations  is  due  merely  to  the  use  of  dif¬ 
ferent  coordinate  systems.  Both  give  the  same 
results  when  correctly  applied. 

TK-11 

SONIC  BOOM  REFLECTION  FACTORS  FOR  FLIGHT  NEAR  THE 

THRESHOLD  MACH  NUMBER 

Charles  L.  Thomas 

Journal  of  Aircraft,  Vol.  8,  No.  6,  June  1971,  p.  490 

This  short  note  discusses  the  reflection  of  a  very 
weak  shock  wave  off  a  smooth  surface  for  the  condi¬ 
tion  in  which  the  incident  shock  wave  is  merely 
perpendicular  to  the  surface.  The  investigation  is 
based  upon  the  use  of  oblique  shock  relations. 

It  is  found  that  the  pressure  rise  across  the  re¬ 
flected  shock  can  be  up  to  twice  the  pressure  rise 
across  the  incident  shock.  This  results  in  reflec¬ 
tion  factors  as  large  as  three.  The  results  are 
summarized  in  the  figure  below,  which  was  taker, 
from  this  paper.  The  figure  shows  that  for  values 
of  A P/P  typical  of  the  sonic  boom  front  shock  and 
values  of  M  close  to  one,  the  reflection  factor  can 
range  between  two  and  three.  For  any  given  S  and 
-i P/P ,  there  are  two  reflected  shocks  that  are 
mathematically  possible.  The  stronger  solution, 
shown  by  dashed  lines,  does  not  actually  occur, 
however.  The  figure  also  shows  that  there  is  a 
maximum  '.P/P  for  which  a  regular  reflection  is 
possible  for  each  Mach  number.  A  Mach  reflection 
occurs  if  A P/P  is  larger  than  this  maximum. 
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It  is  stated  by  the  author  that  the  results  shown 
in  the  figure  were  not  intended  to  be  used  quanti¬ 
tatively  in  scnic  boom  calculations  because  -*?/P 
cannot  be  estimated  theoretically  when  the  flight 
Mach  number  is  very  near  the  threshold  Mach  number. 

It  is  pointed  out,  however,  that  the  figure  does 
demonstrate  that  the  sonic  boom  reflection  factor 
should  net  be  automatically  assumed  to  be  less  than 
or  equal  to  two,  just  because  the  sonic  boom  pressure 
wave  is  very  weak. 

The  results  of  a  later  investigation  by  Haglund  and 
Kane  (see  capsule  summary  TM-13)  suggested  that  the 
reflection  coefficient  did  not  increase  to  3.0  aesr. 
cutoff  but  rather  decreased  gruadually  free  2,0  to 
1.0,  as  predicted  in  an  earlier  paper  by  Kane  and 
Palmer  (see  capsule  suaevary  TM-3). 


2S7 


f>wrwwiiFiiF|| 


TM-12 

MEASUREMENTS  OF  SONIC  BOOM  SICWATURES  EKCH  SLIGHTS  AT 
CUTOFF  MACH  NUMBER 

Donenic  j.  Haglieri,  David  A.  Hilton,  Vera  Huckel,  and 
Herbert  R.  Henderson 

NASA  SP-255,  Third  Conference  on  Sonic  Sooca  Research, 
1971,  pp.  2-J3-2S4 

This  paper  presents  a  discussion  of  preliminary 
results  obtained  in  the  sonic  boos  flight  tests 
conducted  at  Jackass  Flats,  Nevada,  use  was  cade 
of  the  ISOO-fc  high  BREN  tower  located  at  the  test 
site  to  investigate  the  signatures  resulting  free: 
flights  near  the  cutoff  Kach  nueber. 


k  total  of  79  threshold  Mach  r.usfcer  flights  were 
made,  Of  these  flights,  eleven  produced  shock 
waves  that  were  cut  off  on  the  tows r ,  nod  thirty- 
■even  produced  shock  waves  that  ■««  cut  off  above 
the  cower.  The  figure  below,  which  was  taken  £r-,o 
this  paper,  shows  a  typical  case  .n  which  shock 
wave  cutoff  occurred  near  the  cu;.  u:  ths  tower. 

It  can  be  seer,  frees  the  figure  that  t  caustic- like 
pressure  signature  occurred  at  the  tower  to?  pre¬ 
ceded  by  a  pressure  rise,  coincident  with  tr.i 
shock  wave  becoming  vertical  «  ..  die  ground.  7  ..*= 
shock  waves  decay  rapidly  with  <sr.-,tar.ce  below  the 
cutoff  altitude,  with  ecoosci.-lxke  dii.turbar._es 
occurring  .it  the  ground. 


■  ground.  . 
:ar,ce  below  the 
r  disturbances 


This  orel i Binary  analysis  of  the  data  showed  the 
following: 

1.  U-shape  or  caustic  signatures  resulting  in 
overpressure  enhancement  were  observed  at 
the  shock  wave  extremities,  and  the  highest 
measured  levels  were  on  the  order  of  three 
times  the  nominal  H-wave  overpressures 
associated  with  operations  at  higher  supersonic 
Mach  numbers. 

2.  The  shock  wave  was  found  to  be  quite  sensitive 
at  its  extremity  to  local  atmospheric 
conditions. 

3.  stood  qualitative  agreement  with  theory  was 
obtained  regarding  the  extent  of  the  subsonic, 
sonic,  and  supersonic  flow  fields  and  their 
associated  overpressure  signature  shapes. 

An  extensive  analysis  of  the  data  discussed  briefly 
here  is  presented  in  a  later  paper  by  Baglund  and 
Kane  ;see  capsule  sunnary  TX-13).  The  reader  is 
referred  to  that  capsule  summary  for  a  sore  thorough 
discussion  of  the  Jackass  Flats  results. 


7H-13 

FLIGHT  TEST  MEASUREMENTS  AND  ANALYSIS  Or  SONIC  SCOH 
PHEMGKEKA  HEAR  THE  SHOCK  HAVE  EXTREMITY 
George  T.  Haglund  and  Edward  J.  Kane 
NASA  CR-2I67,  February  1973 

The  results  of  the  sonic  boo®  flight  test  program 
conducted  at  jackass  Flats,  Nevada,  curing  the 
susser  ana  fall  of  1970  are  presented  in  this  report. 
The  program  consisted  of  121  *onic-bocm-ge Aerating 
flights  ever  the  1529  ft  instrumented  BREN  tower. 
These  flights  were  designed  to  provide  information 
on  several  aspects  of  sonic  boor.,  including  caustics 
produced  by  steady  flight  near  the  threshold  Mach 
number ,  caustics  produced  by  longitudinal  accelera¬ 
tions,  sonic  boom  characteristics  near  lateral 
cutoff,  and  the  vertical  extent  of  shock  waves 
attached  to  near-sonic  airplanes. 

Fifteen  microphones  were  placed  at  100- ft  Intervals 
or.  the  BREN  tower.  As  a  result,  sonic  boat  meas¬ 
urements  as  a  function  of  altitude  were  obtained 
for  the  first  time.  The  primary  goal  of  this  test 
series  was  to  obtain  definitive  data  on  caustics 
produced  by  accelerations  and  by  atmospheric 
refraction  (threshold  Mach  nwfcer  and  lateral  cut 
off).  The  present  capsule  ssssiary  discusses  only 
the  portion  of  .he  report  dealing  with  threshold 
Kach  r,c**r  flight.  For  a  stgmary  of  the  rest  of 
the  report,  see  capsule  senary  F*162. 
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the  following  are  the  most  significar.t  results 
found  in  this  investigation: 


At  speeds  greater  tr.-as:  ine 

?Cm*C  O 

well  with  observe"*  data. 


f  threshold  val.se, 
toserved,  and  linear 
sc  to  agree  very 


A  characteristic  of  pressure  signatures  near 
the  cutoff  condition  wt»  that  pressure  pulses 
or  "precursors"  were  fre.uer.tly  evident  propa¬ 
gating  ahead  of  well-defined  shock  waves  in 
ch-_  pressure  sisr.acure,  Precursors  appeared 
to  be  associated  with  near-sonic  conditions, 
where  disturbances  generated  by  the  Shoe  - 
wave  car.  propagate  ahead  of  it.  In  sore 
cases  several  precursors  could  oe  seen, 
fnebar.  and  Chou  lane  capsule  succory  P-  ) 
had  predicted  the  presence  of  such  precursors 
in  ar.  earlier  theoretical  study. 
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4.  Significant  increases  in  overpressure  were 
found  to  occur  within  about  300  ft  above  and 
below  the  caustic  associated  with  the  cutoff. 
However,  the  caustic  intensities  were  still 
only  about  0.5  to  1.1  psf.  This  was  an  am¬ 
plification  of  1  t',  1.8  compared  to  steady, 
level  flight.  Fc>  ...ne  case,  however,  an 
overpressure  of  2.82  psf  was  measured  where 
very  sharp  peaks  characteristic  of  signature 
distortions  due  to  microscale  turbulence  in 
the  pressure  signature  occurred. 

5.  Observed  pressure  signatures  in  the  vicinity 
of  causti  ■  had  a  duration  that  was  about  40t 
greater  tnan  pressure  signatures  produced  at 
higher  Mach  numbers. 

6.  Alnost  half  of  the  threshold  Mach  number  flights 
produced  rumbles  or  lower  booms  at  the  ground, 
since  cutoff  occurred  above  the  tower.  Analysis 
of  the  propagation  speed  of  these  disturbances 
at  the  ground  showed  that  they  propagated  at 
the  local  sound  speed,  which  was  faster  than 
the  airplane  ground  speed.  When  low  rumbles 
were  produced  on  the  g..ound,  the  airplane  ground 
speed  was  at  least  20  ft/sec  slower  than  the 
maximum  shock  propagation  speed.  Comyariso 

of  a  theoretical,  "safe  altitude”  for  sonic 
boom  cutoff  (for  which  no  objectionable  noi. 
would  reach  the  ground)  with  the  observed 
data  was  good  considering  the  assumptions 
made  in  deriving  it. 

7.  The  values  of  the  reflection  coefficient,  KR, 
for  cases  well  oefo.  >.  cutoff  were  found  to 
vary  from  0.95  to  2.2.  There  did  not  appear 
to  be  any  increase  in  kr  near  cutoff,  but 
rather  a  gradual  decrease  begi..:,ir.g  at  a  shock 
wave  angle  of  about  1C  from  cutoff.  It  is 
pointed  out  that  this  result  suggests  that 
the  une  dimensional  analyses  oy  Thomas  and 

Tin  ,  (re 3  capsule  summaries  TK-11  and  P-U5, 
respectively),  which  predicted  an  increase 
in  the  pressure  coefficient  to  1  near  cutoff, 
was  not  realistic.  The  figure  below,  which 
was  taken  fr«u  this  paper,  shows  the  varia¬ 
tion  of  the  rejection  coefficient  »»(t  cutoff. 


Variation  of  pound  reflection  coefficient  near  cutoff 


Prior  to  this  investigation  there  had  been  only 
two  cases  in  which  flight  tests  were  used  to  in¬ 
vestigate  the  pressure  signatures  resulting 
from  threshold  Mach  number  flight  (3ee  capsule 
summaries  TM-2  and  TM-5) .  Those  two  test  series 
were  of  excellent  quality,  but  they  were  much 
less  extensive  than  the  present  investigation. 
Furthermore,  the  use  of  a  much  higher  density 
of  microphones  in  conjunction  with  the  use  of 
the  BREN  tower  in  the  present  investigation 
enabled  the  vertical  variation  in  pressure  sig¬ 
nature  shape  near  the  cutoff  level  to  be  defined, 
whereas  this  was  not  possible  in  the  earlier 
experiments.  Because  of  this,  the  results  of 
the  present  investigation  exemplify  the  present 
state  of  knowledge  concerning  the  sonic  booms 
produced  by  threshold  Mach  number  flight. 


TM-14 

FURTHER  ANALYSIS  OF  SONIC  BOOM  DATA  MEASURED  NEAR  THE 

SHOCK  WAVE  EXTREMITY 

George  T.  Haglund  and  Edward  J.  Kane 

NASA  CR,  October  1373 

This  report  analyzes  data  concerning  ecu. 
characteristics  near  the  shock  wave  extremi ‘ y 
obtained  during  the  sonic  boom  flight  test  program 
conducts  by  the  NASA  over  the  instrumented  BREN 
tower  during  the  summer  and  fall  of  1970.  Initial 
an? lyses  of  these  data  (see  oapsuxe  summaries 
TM-l;  and  TM-13)  shoved  that  they  were  of  suffi¬ 
cient  quality  and  interest  to  warrant  further 
study.  This  report  presents  the  results  of  a 
more  detailed  study  of  selected  flights. 

A  detailed  analysis  of  the  transonic  flight  test 
data  indicated  that  the  prevailing  meteorological 
conditions  influence  the  vertical  extent  of 
attached  shock  waves  produced  during  near-sonic 
flight.  At  Mach  0.98  the  lower  extremity  of  the 
shock  wave  on  one  flight  extended  to  1600  ft. 
beneatu  the  airplane,  while  under  different  mete- 
orolog  .ca  conditions  it  extended  to  only  about 
560  ft.  it  was  found  that  the  airplane  Mach 
number  had  a  diiect  influence  on  the  vertical 
extent  of  attached  shock  waves;  for  airplane  Mach 
numbers  less  than  0.98  the  shock  waves  probably 
did  no.,  extend  much  more  than  300  ft.  beneath  the 
airplane.  It  is  hypothesized  that  the  extension 
of  attached  shock  waves  to  lower  altitudes  may 
explain  severe!  "accidental"  sonic  boems  produced 
by  low-altitude,  marginally  subsonic  airplanes 
(although  Machmettr  errors  may  also  be  respon¬ 
sible).  It  is  pointed  out  that  this  phenomenon 
should  be  considered  for  transport  airplanes 
designed  to  cruias  at  Mach  0.98.  One  flight 
conducted  at  Mach  1.05  produced  near-field  pres¬ 
sure  signatures  that  compared  favorably  with 
theoretical  results. 

A  tueoretical  safe  altitude  for  sonic  boom  cutoff 
during  threshold  Mach  number  flight  was  showr.  to 
be  valid  within  experimental  accuracy  wver  a  wide 
range  of  meteorological  conditions.  As  a  result, 
it  is  concluded  that  it-  should  be  possible  to 
estimate  .easonably  well  the  buffer  zone  depth 
1  (or  ground  speed  reduction)  for  any  airplane  and 
meteorological  condition.  For  cutoff  at  or  above 
the  safe  altitude,  average  maximum  free-air  over¬ 
pressures  of  the  pressure  waves  were  less  than 
0.2  psf.  In  some  cases  very  low  intensity 
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acoustic  waves  propagated  to  the  ground  even 
though  cutoff  apparently  occurred  several  kilo¬ 
meters  above  the  ground.  Pressure  signatures  in 
the  vicinity  of  the  caustic  exhibit  the  U-wave 
rather  than  the  N-wave  shape.  Below  cutoff, 
rounded,  low-magnitude  acoustic  waves  occurred. 
Comparison  of  a  recent  theoretical  method  (see 
capsule  suaraary  M-62)  for  calculating  the  acoustic 
pressure  waves  below  the  threshold  Mach  number 
caustic  showed  excellent  agreement  with  observa¬ 
tion  near  the  caustic,  but  predicted  overpressure 
levels  significantly  lower  than  observed  far  from 
the  caustic.  Various  operational  aspects  of 
threshold  Mach  number  operation  were  considered 
and  problem  areas  were  discussed.  These  included 
the  use  of  airplane  ground  speed  for  speed  speci¬ 
fication  (instead  of  Mach  number) ,  various  mete¬ 
orological  effects,  airplane  systems,  and 
recommendations  for  calculating  the  speed  safety 
factor. 

The  analysis  of  caustics  produced  by  low-magnitude 
accelerations  during  flight  at  Mach  numbers 
slightly  greater  than  the  threshold  Mach  number 
showed  that  folds  and  associated  caustics  were 
produced  by  slight  changes  in  the  airplane  ground 
speed.  In  several  cases  it  ws  possible  to  cor¬ 
relate  the  airplane  acceleration  magnitude  with 
the  measured  caustic  on  the  tower.  These  results 
indicated  an  increase  in  caustic  intensity  with 
increasing  acceleration.  Caustic  intensities 
ranged  from  1  to  3  times  the  nominal  steady,  ' evei 
flight  intensity.  The  wave  folding  produced  by 
airplane  ground  speed  changes  explained  the 
observed  multiple  shock  waves  or.  the  BREN  tower 
for  the  cases  considered  and  tended  to  verify 
recent  theoretical  work  which  has  shown  that 
wave  folding  occurs  for  weak  shocks  (see  capsule 
summary  P-161) . 

The  analysis  of  caustics  produced  by  longitudinal 
accelerations  showed  that,  for  these  cases,  accel¬ 
eration  magnitude  appears  to  have  an  effect  on  the 
caustic  intensity.  Calculated  theoretical  shock 
wave  profiles  agreed  reasonably  well  with  the 
observed  shock  wave  locations  and  helped  to  illus¬ 
trate  the  focusing  effect  near  caustics.  The 
observed  pressure  signatures  are  documented  in 
detail. 

In  conjunction  with  the  analysis  of  the  experi¬ 
mental  data,  methods  to  alleviate  the  caustic 
produced  during  the  transonic  phase  of  flight  wort, 
considered.  It  was  found  that  low-magnitude 
acceleration  may  provide  some  alleviation  of 
caustic  intensity.  The  limited  experimental  data 
suggested  an  amplification  of  about  2  for2an 
acceleration  magnitude  of  about  0.3  m/sec  (1.0 
ft/sec  ) .  In  addition,  a  maneuver  designed  to 
eliminate  the  transonic  acceleration  caustic  was 
investigated.  Although  the  maneuver  showed 
promise,  it  was  concluded  that  further  study  is 
needed  to  determine  its  feasibility  for  commercial 
SST  operation. 

To  obtain  further  measurements  near  the  shock  wave 
extremity,  additional  threshold  Mach  number 
flights,  additional  longitudinal  acceleration 
flights  at  varying  accelerations,  and  additional 
transonic  flights  are  recommended  as  well  as  a 
series  of  flights  to  measure  the  effects  of 
thermal  and  dynamic  atmospheric  turbulence.  It 
is  recommended  tnat  these  flights  bo  conducted 


under  stable  atmospheric  conditions  (e::.ept  for 
turbulence  tests) ,  using  a  test  airplane  with  an 
ir.ertial  navigation  system.  tJse  of  the  instru¬ 
mented  BREN  tower  or  a  similar  facility,  with 
microphones  mounted  on  reflecting  boards  at 
several  locations  on  the  tower  adjacent  to  free- 
air  microphones,  is  recommended. 

The  portion  of  this  investigation  dealing  with 
the  attached  shock  waves  generated  by  aircraft 
flying  at  high-subsonic  speeds  was  the  first  of 
that  type  to  be  conducted. 
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LABORATORY  TESTS  OF  SUBJECTIVE  REACTIONS  TO  SONIC 

BOOM 

K.  S.  Pearsons  and  K.  D.  Kryter 

NASA  CR-187,  March  1965 

In  Che  investigation  described  in  this  report, 
subjects  compared,  in  a  special  laboratory  chan* 
ber,  the  subjective  acceptability  or  noisiness 
of  sonic  booms  and  subsonic  jet  aircraft  noise. 
Only  the  simulation  facility  used  in  this  experi¬ 
ment  will  be  described  here.  For  a  summary  of 
the  results  of  the  investigation  see  capsule  - 
summary  HRSC-10. 

The  sonic  boom  simulation  facility  used  in  this 
experiment  consisted  of  a  3.5  ft  r.  3.5  ft  x  7.9  ft 
high  room  constructed  of  8-inch  solid  concrete 
block.  Five  18-inch  loudspeakers  with  center- 
tapped  voice  coils  mounted  in  the  walls  and  ceil¬ 
ing  were  used  to  produce  the  peak  pressure  asso¬ 
ciated  with  a  sonic  boom.  The  type  of  sonic  boom 
that  is  generally  observed  outdoors  was  generated 
by  means  of  a  waveform  generator  called  a  "photo- 
former.”  This  device,  generated  an  electrical 
waveform  by  following  a  silhouette  placed  in  the 
.hotoform.  The  electrical  waveform  was  then  con¬ 
verted  into  a  pressure  waveform  by  the  loud¬ 
speakers.  Indoor-type  sonic  boo**,  because  of 
their  greater  complexity  were  obtained  from  FM 
tape  recordings  made  inside  a  house  under  the 
flight  path  of  a  jet  aircraft  flying  at  supersonic 
speed. 

This  facility  was  better  as  a  simulator  of  out¬ 
door-type  sonic  booms  than  indoor  types  because 
the  simulated  indoor  sonic  booms  lacked  the 
vibrational  component  associated  with  actual 
indoor  sonic  booms  which  results  from  structural 
vibration. 


below,  which  was  taken  from  this  paper.  The 
second  figure,  which  was  also  taken  from  this 
paper,  shows  the  actual  waveform  generated  by 
such  a  charge  distribution.  It  can  be  seen  that 
Che  agreement  between  the  two  is  fairly  good. 


Calculated  waveform 


SO  Mr 


Experimental  waveform 


It  is  then  shown  that  many  complex  waveforms 
can  be  synthesized  by  detonating  linear  charges 
constructed  from  multiple  strands  of  detonating 
fuse  of  different  lengths.  The  first  figure 
belcw  illustrates  the  underlying  principle  ana 
the  second  figure  shows  an  experimentally  ob¬ 
served  waveform  generated  in  such  a  manner. 


SK-2 

SONIC  BANG  SIMULATION  BY  A  NEW  EXPLOSIVES  TECHNIQUE 

S.  J.  Hawkins,  j.  A.  Hicks 

Nature,  Vol.  211,  No.  5055,  sept,  17,  1966, 

pp.  1244-1245 

This  short  article  describes  an  explosives  tech¬ 
nique  for  simulating  sonic  booms.  This  technique 
uses  line  charges  and  is  based  upon  the  fact  that 
an  extended  explosive  charge  must  give  rise  to 
a  pressure  waveform  ths  duration  of  which— what¬ 
ever  its  shape— it.  a«pr;-  imataly  its  line-of- 
sight  extension  di’  •  the  average  air  shock 

velocity  across  th*-  ion.  For  charges  of 

small  weight  the  air  snick  rapidly  decays  to 
sonic  velocity  and  because  of  this  a  distant 
observer  experiences  a  pressure  wave  the  duration 
of  which  in  milliseconds  is  roughly  equal  to  the 
•  extension  in  feet— th#  shape  is  governed  by  the 
distribution  of  explosive  along  the  extension. 

The  extended  charge  is  considered  as  a  spatial 
array  of  infinitesimal  point  charges  detonated 
simultaneously,  the  confined  effects  of  which 
are  approximated  by  the  assumption  of  linear 
superposition.  An  integral  expression  is  then 
derived  for  the  pressure  waveform  in  terms  of  the 
explosive  mass,  observation  distance,  time, 
charge  distribution,  and  time  for  the  wavefront 
to  reach  the  observer.  The  waveform  given  by 
this  equation  for  the  single  case  of  a  uniform 
straight  linear  charge  observed  from  a  distant 
point  on  the  axis  is  shown  in  the  flrs$  figure 


Principle  of  N-wrtt  tynthaU  from  uniform  linear  chart** 
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Experimental  wavt  form 


The  differences  between  the  waveforms  generated 
using  this  technique  and  an  actual  sonic  boom 
waveform,  such  as  energy  spectra,  riae  time, 
and  peak  overpressure  are  then  discussed  briefly. 
It  is  concluded  that  the  energy  epectxa  of  the 
simulated  and  actual  N -waves  agree  well  in  the 
frequency  range  below  about  100  Hz  hut  diverge 
toward  higher  frequencies,  this  divergence 
being  partly  a  result  of  the  different  noise 


contents  of  the  waveforms  and  partly  because  of 
the  different  pressure  rise  rates  of  the  shock 
fronts.  Thus  this  type  of  simulant  would  be 
acceptable  for  studies  of  structural  response 
but  may  not  be  adequate  for  human  response 
studies. 

SM-3  ' 

A  FEASIBILITY  INVESTIGATION  CONCERNING  THE  SIMU¬ 
LATION  OF  SONIC  BOOM  BY  BALLISTIC  MODELS 
J.  G.  Callaghan 
NASA  CR-603,  Oct.  1966 

The  results  of  a  series  of  tests  conducted  to 
determine  the  feasibility  of  using  ballistic 
models  to  provide  laboratory  :imulation  of 
sonic  boom  are  presented  in  this  report.  The 
test  program  consisted  of  two  main  parts t 
(1)  the  determination  of  appropriate  instrumen¬ 
tation  to  measure  the  pressure  signature  of 
small-scale,  rapidly  moving  ballistic  models 
(see  capsule  sumary  IT-7) ,  .and  (25  the  defi¬ 
nition  of  problems  associated  with  launching 
winged  ballistic  models. 

The  testing  of  winged  models  consisted  of 
determining  the  type  of  flight  path  obtainable 
in  a  ballistic  range  at  launch  Mach  numbers  of 
about  3.0,  and  defining  the  fabrication  prob¬ 
lems  associated  with  such  models.  The  results 
of  these  tests  indicated  the  followings 

1.  Motion  of  delta  wing  ballistic  models 
varied  from  a  smooth  type  of  flight  to 
one  of  highly  erratic  oscillatory  motion. 
Consideration  of  model  tolerances,  sabot 
design,  and  light-gas  gun  tolerances 
revealed  no  significant  parameters  which 
would  lead  to  the  allowance  of  any 
degree  of  repeatability  of  model  flight 
path.  On  those  tests  wherein  model 
motion  was  of  a  nonoscillatory  type,  good 
shock  wave  pressure  signatures  were 
cbtair.ed. 

2.  Models  launched  into  the  ballistic  range 
tank  at  reduced  pressures  exhibited  a  more 
acceptable  type  of  motion. 

3.  Limitid  testing  was  conducted  to  explore 
the  possibility  of  launching  bodies  of 
revolution  at  Mach  numbers  up  to  5. 

Good  qua] ity  pressure  signatures  were 
obtained. 

Ballistic  range  techniques  have  been  used  in 
various  investigations  (Kane  in  capsule  summary 
G-14,  Bauer  and  Bagley  in  capsule  suxeiary  P-113, 
and  Collins  in  capsule  sunnary  G-80,  for  ex¬ 
ample).  However,  all  of  these  tests  involved 
projectiles  that  were  bodies  of  revolution. 

The  present  paper  was  the  first  to  investigate 
the  possibility  of  using  winged  ballistic 
models. 

SM-4 

SONIC  BOOM  SIMULATION  USING  SHOCK  TUBE  TECHNIQUES 
H.  E.  Pahlke,  G.  T.  Kantarges,  and  J.  J.  Van  Houten 
LTV  Research  Center  Technical  Report  0-71200/ 
7TR-117,  March  1967 

This  report  describes  a  device  developed  for 
simulating  sonic  booms.  The  basic  system  con¬ 
sists  of  a  combination  of  two  conventional  shock 


tubes  and  a  large  exponential  acoustic  horn 
coupled  to  the  end  of  the  shock  tubes  for  the 
development  of  shock  waves  approximating  those 
associated  with  sonic  boom  phenomena.  This 
device  generates  two  shock  fronts  with  a  vari¬ 
able  time  delay,  resulting  in  a  simulated  sonic 
boom  of  the  form  shown  below.  It  is  shown  that 
overpressures  well  above  20  psf  can  be  achieved 
over  a  fairly  large  area  around  the  exit  of 
the  horn. 


Pressure  signatures  produced  with  the  sonic  boom  simulator 

The  utility  of  the  simulated  sonic  booms  is 
based  on  the  finding  by  Zepler  and  Harel  (see 
capsule  suseaary  HRSC-16)  that  when  an  N-vave 
impinges  upon  the  human  ear  loudness  is  deter¬ 
mined  by  the  two  pressure  pulses  while  low 
frequencies  be lew  50  Hz  are  not  important  in 
the  subjective  analysis.  Thus  the  device  may 
be  useful  in  investigating  human  response  to 
sonic  booms.  Its  utility  for  investigating 
structural  response  to  sonic  booms  is  very 
limited,  however. 

SM-5 

A  PRELIMINARY  STUDY  OF  THE  AMAKSJING  AND  STARTLE 

EFFECTS  OF  SIMULATED  SONIC  BOOMS 

Jerome  S.  Lukas  and  Karl  D.  Kryter 

NASA  CR-1193 ,  September  1968 

This  report  presents  a  description  of  the  devel¬ 
opment  of  the  indoor  sonic  boom  simulator 
developed  at  Stanford  Research  Institute  and 
the  results  of  preliminary  experiments  concerned 
with  the  effects  of  sonic  booms  from  this  simu¬ 
lator  on  sleep  and  startle.  Only  the  descrip¬ 
tion  of  the  simulator  will  be  summarized  here. 
For  a  susnary  of  the  results  of  the  experiments 
see  capsule  summary  HRSC-40. 

The  sonic  boost  simulator  described  in  this 
report  consisted  of  an  airtight  pressure  cham¬ 
ber,  having  the  internal  appearance  of  a  typi¬ 
cal  residential  bedroom,  whose  walls  were  of 
standard  constructions  dryvall  on  2"  x  4" 
studs,  16"  on  center.  In  contrast,  the  out¬ 
side  walls  of  the  pressure  chamber  were  con¬ 
structed  of  3/4"  plywood  mountea  on  2"  x  4" 
studs,  12"  on  center,  with  horizontal  cross 
supports  joining  adjacent  studs  about  3* 
from  either  end  of  the  stud. 

In  order  to  simulate  both  the  acoustic  and 
vibrational  components  of  an  indoor  sonic  boom, 
the  best  approach  appeared  to  be  the  loading  of 
one  wall  of  the  room  with  an  N-wave.  Thus  an 
electromechanical  device  was  designed  and  built 
to  generate  an  N-wave  of  pressure  into  a 
hermetically-sealed  chamber.  One  wail  of  the 
pressure  chamber  also  formed  one  wall  of  the 
experimental  test  room.  The  figure  below, 
which  was  taken  from  this  paper,  shews  a  sche- 
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matic  of  the  facility 


Schematic  of  tonic  boom  study  facility 


In  testing  the  performance  of  this  simulator 
(see  figure  below) ,  a  consistent  difference  of 
about  12  dB  at  frequencies  above  250  Hz  was 
found  due  to  a  somewhat  slower  rise  time  of  the 
simulated  sonic  boom  in  conparison  to  booms 
produced  by  actual  aircraft.  It  is  stated 
that  this  difference  between  the  simulated  and 
actual  sonic  booms  tends  to  make  the  simulated 
boom  have  a  slightly  less  sharp  "crack"  than 
die  typical  indoor  sonic  boom.  However,  it  is 
also  stated  that  these  frequencies  contri¬ 
buted  relatively  little  to  the  energy  spectra 
of  either  simulated  or  actual  bocos. 


Indoor  spectral  energy  functions  of  actual  and  simulated  booms 


This  type  of  sonic  boom  simulation  facility  is 
the  best  method  yet  developed  for  simulating 
indoor  sonic  booms,  since  it  simulates  both 
the  acoustic  and  vibratory  characteristics  of 
indoor  sonic  booms.  This  facility  was  used 
in  numerous  later  investigations  (see  capsule 
summaries  HR5C-51,  HRSC-53,  HRSC-67,  and 
HRSC-68)  . 


SH-6 

RELATIVE  ANNOYANCE  AND  LOUDNESS  JUDGEMENTS  OF 
VARIOUS  SIMULATED  SOSlC  BOOM  WAVEFORMS 
L.  J.  Shepherd  and  W.  W.  Sutherland 
NASA  CR-1192,  September  1968 

The  results  of  a  series  of  investigations,  ini¬ 
tiated  in  an  effort  to  assess  the  effect  of 
sonic  boom  signature  modification  on  human  sub¬ 
jective  response,  are  presented  in  this  paper. 

The  investigation  was  conducted  using  Lock¬ 
heed’s  sonic  boom  simulation  facility.  Only 
the  simulation  facility  is  described  here.  For 
a  discussion  of  the  results  of  the  investiga¬ 
tions,  see  capsule  summary  HRSC-41. 

The  simulator  used  in  this  investigation  con¬ 
sisted  of  an  airtight  chamber  having  dimensions 
of  41  x  42  x  72  inches  (inside  dimensions)  giving 
a  volume  of  70  cu.  ft.  TVo  of  the  chanfeer  walls 
were  solid  concrete  block  and  the  other  two 
were  1-inch  plywood  stiffened  by  steel  angles. 

The  plywood  walls  contained  the  variable  volume 
elements  (loudspeakers)  which  were  used  to  pro¬ 
duce  the  desired  pressure-time  variation  and  one 
was  hinged  to  serve  as  a  door. 

The  desired  pressure-time  variation  was  provided 
on  one  channel  of  an  FM  tape.  The  test  signa¬ 
tures  were  recorded  by  a  separate  FM  system. 

Simple  theoretical  shapes  containing  only  straight 
line  elements  were  generated  by  an  analogue- 
relay  type  signal  generation;  more  complicated 
typical  flight  signatures  were  transcribed 
from  oscillograph  records  through  use  of  an 
optical  following  system. 

It  is  shown  that  a  relatively  wide  range  of  out¬ 
door  sonic  boom  pressure  signatures  having  peak 
overpressures  up  to  about  4  psf  and  rise 
times  as  small  as  0.002  seconds  can  be  con¬ 
sistently  produced  in  the  chamber.  The  types  of 
signatures  successfully  reproduced  included 
N-waves,  sawtooth-type  signatures,  flat-top 
signatures  of  the  type  produced  at  the  design 
condition  by  a  configuration  having  a  three- 
halves  power  total  equivalent  area  distribution, 
and  an  atmospherically  distorted  signature. 

Experienced  observers  reported  that  the  pressure 
signatures  sounded  like  sonic  booms.  Preliminary 
results  for  several  subjects  indicated  that  with 
identical  standard  and  compared  signature  shapes, 
the  scale  factor  for  equal  loudness  could  be 
consistently  set  to  unity  within  1  aB. 

This  was  an  excellent  facility  for  simulating 
outdoor-type  sonic  booms. 

,M-7 

SONIC  BOOM  SIMULATION  FACILITIES 
I .  Schwa- tz 

A CARD  Confirence  Proceedings  No.  42,  Aircraft 
Engine  Noise  and  Sonic  Boom,  May  1969,  pp.  29-1  thru 
29-18 

This  paper  contains  brief  descriptions  of  the 
hut.  design  features  of  the  various  sonic  boom 
simulation  facilities  that  have  been  developed. 


Included  in  the  discussion  are  the  following 
simulation  techniques!  (1)  wind  tunnel  tech¬ 
niques  (2)  shock  tube-bursting  diaphragm  tech¬ 
niques  (3)  ballistic  range  techniques  (4)  piston 
speaker  techniques  and  (5)  quick  action  valve- 
shock  tube  technique. 

Wind  tunnel  testing  techniques  are  used  to 
extend  the  basic  understanding  of  sonic  boom 
phenomena  and  to  establish  the  sonic  boom 
characteristics  of  specific  airplane  configurations. 
It  is  pointed  out  that  these  facilities  cannot 
produce  the  travelling  wave  or  time  varying 
wave  of  the  actual  boom,  which  is  very  important 
for  response  studies. 

A  shock  tube-bursting  diaphragm  sonic  boom 
simulation  facility  was  developed  by  Ling- 
Temco  Vought.  This  facility  utilizes  a  system  of 
shock  tubes  ar.d  acoustic  horn  to  produce  acoustic 
waves  (for  a  more  complete  description  of  this 
facility,  the  reader  is  referred  to  capsule  sum¬ 
mary  3M-4! .  This  simulator  can  produce  double 
blast  waves  with  a  maximum  peak  pressure  of 
27  psf  at  ten  feet  from  the  horn.  The  boom  dura¬ 
tion  can  be  varied  from  10  to  600  msec.  The  pres¬ 
sure  signatures  generated  by  this  process  have 
potential  application  to  studies  of  human  re¬ 
sponse  to  seme  booms ,  but,  due  to  a  deficiency 
in  low-frequency  content,  application  to  studies 
of  structural  response  is  limited. 

The  ballistic  range  technique  uses  a  ballistic 
range  with  a  ballistic  model  for  exploring  atmos¬ 
pheric  and  topographical  effects.  This  system 
produces  a  traveling  wave  and  the  wave  shape 
can  be  varied  by  modifying  the  shape  of  the  pro¬ 
jectile.  There  are  advantages  for  conducting 
Simulation  experiments  of  atmosphere  dynamic 
effects  and  topographical  effects  or.  sonic  boons 
in  this  type  of  facility,  namely:  (1)  the  simu¬ 
lated  atmospheric  dynamics,  such  as  turbulence 
and  temperature  gradients  can  be  prepared  in  a 
region  before  the  projectile  passes  through  this 
region;  and  (2)  transient  phenomena,  such  as 
reflection,  refraction,  and  scattering  processes 
can  be  investigated  directly  under  most  complex 
conditions.  It  is  pointed  out,  however,  that  pre¬ 
liminary  reports  indicated  that  it  is  difficult 
to  vary  the  shape ,  velocity  amplitude,  ar.d 
rise  time  of  the  signature  ir,  a  systematic  manner 
in  this  type  of  facility. 

The  piston  speaker  technique  uses  a  system  of 
acoustic  drivers  to  regulate  the  pressure  in  a 
chamber.  The  example  of  this  type  of  facility 
that  is  discussed  is  the  *iASA  Langley  Low  fre¬ 
quency  Noise  Facility.  The  principal  features 
of  this  facility  are  a  cylindrical  test  chamber, 
a  large  piston  in  one  end  of  the  chamber,  and  a 
movable  wall  which  can  be  positioned  to  close 
the  opposite  end  of  the  test  chamber.  The 
piston  is  hydraulically  driven  to  generate  sound 
pressures.  The  size  of  the  facility  is  suffi¬ 
cient  to  accommodate  a  small  building  structure. 

The  overall  dimensions  are  30  ft  long  x  27  ft  in 
diameter.  Useful  ranges  of  overpressure,  rise 
time,  wavelength,  and  impulse  for  N-wave  type 
disturbances  can  be  simulated  in  thi*  facility. 

This  facility  is  particularly  well  suited  for 
studying  the  response  of  structural  components. 

This  type  of  facility  is  also  amenable  to  a  pro¬ 
gram  of  subjective  studies  relating  to  the  indoor 


sonic  boom  exposure  situation  for  which  building 
vibrations  are  believed  to  be  important.  It  cannot, 
however,  simulate  the  traveling  wave  nature  of  the 
boon. 

The  last  type  of  simulation  facility  discussed  is 
the  quick  action  valve-shock  tube  technique.  The 
example  of  this  type  of  facility  discussed  in  this 
paper  is  the  GASL/NASA  sonic  boom  simulation 
facility.  The  basic  concept  involved  in  this  simu¬ 
lator  is  that  a  pressure  wave  can  be  generated  in 
a  pyramidal  duct  which  ir  proportional  to  the  rate 
of  change  of  mass  flow  at  the  sonic  throat  located 
at  the  apex  of  the  pyramid  (for  a  more  complete 
discussion  of  this  simulator  the  reader  is  referred 
to  capsule  summary  p-127) .  This  device  concept 
produces  an  accurate  traveling  pressure  wave,  and 
the  wave  can  be  e:.ther  scaled  or  full  scale  wave¬ 
length,  depending  on  the  size  and  design  of  the 
device.  The  range*  of  performance  available  with 
this  simulator  are  shown  in  the  table  below,  which 
was  taken  from  this  paper. 


F»xk  htiun  Level 

Wavelength 

Period 

II  ee  I  Lee  (iMh) 
fcapctltlM  Sat*  (t)plcal) 
Model  Seal* 

Maxima  Teat  Station  Area 


up  to  100  paf  (13  x  103  0yna/cs^) 
1  ft  •  500  (t  (.Of  M  -  152  M) 
300—  ate  •  0.5  arc 
1  ailtlaacond 
up  to  tO/hr 
1:1  se  1000:1 

•  feet  square  (1.4  M  aq*iare) 


GASl./SASA  simuktor  capability 


It  is  concluded  that  the  GASL/NASA  facility  repre¬ 
sents  the  most  advanced  state  of  the  art.  in  sonic 
boom  Simulation.  It  meets  most  of  the  requirements 
for  performing  basic  and  applied  research  on  sonic 
boom  phenomena  including  human  and  structural 
response. 

This  is  an  excellent  summery  of  the  sonic  boom 
simulation  facilities  that  had  been  developed  as 
of  1969.  Its  only  deficiency  is  that  it  doesn't 
discuss  the  loudspeaker-airtight  chamber  type 
facilities  (see  capsule  muMury  Si*- 6,  for 
example) . 


SM-8 

THE  SIMULATION  OF  SONIC  BANGS 
C.  K.  E.  Warren 

AGAKD  Conference  Proceedings  No.  42,  Aircraft  Engine 
Noise  and  Sonic  Boom,  May  1969,  pp,  28-1  thru  28-13 

This  paper  describes  the  various  methods  for  simu¬ 
lating  scr.io  booms  which  have  been  developed  in 
the  United  Kingdom.  These  include  explosiye  point 
charges,  explosive  line  charges,  and  a  shock  tube 
device. 

A  single  explosive  point  charge  is  shown  to  be  a 
poor  sonic  boom  simulant.  Also,  when  experienced 
outdoors,  it  was  'ound  that  a  pair  of  explosive 
bangs  is  readily  distinguished  from  a  sonic  boom. 
However,  when  experienced  indoor*,  the  pair  of 
explosive  bangs  wa*  found  to  be  indistinguishable 
from  a  sonic  boom. 
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A  uniform  explosive  line  charge,  when  experienced 
end-on,  has  been  found  to  give  a  waveform  consist¬ 
ing  cf  single  positive  and  negative  pulses  sepa¬ 
rated  in  time  by  an  interval  essentially  equal  to 
the  length  of  time  it  takes  for  sound  to  travel 
the  length  of  the  charge.  By  superposition  line 
charges  can  be  built  up  to  yield,  in  principle, 
roughly  any  desired  waveform.  It  is  shown  that 
various  arrangement*  of  explosive  line  charges  are 
useful  tools  for  field  studies  on  real  buildings 
and  for  field  studies  on  human  and  animal  com¬ 
munities. 

The  shock  tube  device  discussed  was  called  the 
Blunderbuss.  This  device  consisted  of  a  conical 
tube  having  a  diaphragm  corresponding  to  the  surface 
of  a  sphere  having  its  center  at  the  apex  of  the 
cone.  The  magnitude  of  the  pressure  rise  at  any 
station  down  the  tube  is  governed  by  the  pressure 
at  which  the  diaphragm  is  burst.  A  pilot  Blunder¬ 
buss  was  constructed  with  the  diaphragm  at  various 
positions  from  0.1  to  5.5  m  from  the  apex,  so  that 
the  interval  between  shocks  of  the  resulting  wave¬ 
form  ranged  from  about  O.b  to  3.5  ns.  A  good 
N-waue  was  obtained,  there  being  two  clearly  de¬ 
fined  shocks  of  closely  equal  pressure  rise,  a 
high  pressure  rise  rate,  and  very  little  super¬ 
imposed  random  noise.  It  was  felt  that  this  device  . 
cculd  be  used  for  a  wide  range  of  studies  on  hunan 
and  animal  subjects,  and  on  elements  of  building 
structures. 

This  is  a  gocd  sussaary  cf  the  sonic  boom  simulation 
devices  that  have  been  developed  in  Great  Britain. 

For  a  summary  of  sonic  boom  simulation  facilities 
developed  in  the  United  States  see  capsule  sum¬ 
maries  SM-?  and  SM-13. 

SK-9 

RESEARCH  AND  DEVELOPMENT  OF  A  SONIC  BOOM 

SIMULATION  DEVICE 

Roger  Tcmcouiiar. 

NASA  CR-1378,  July  196t' 

This  paper  describes  the  development  of  the  NASA/ 
GAEL  sonic  Loom  simulation  facility.  For  a  descrip¬ 
tion  cf  this  facility  the  reader  is  referred  to 

capsule  summary  P-127. 

HM-10 

ENGINEERING  ANALYSIS  AND  DESIGN  OF  A  MECHANISM  TO 

SIMULATE  A  SONIC  BOOM 

Rol  if,  f.  Barrett  and  Lawrence  W.  Redman 

NASA  CR-1U639,  August  197c 

The  sonic  boom  simulation  facility  described  in 
tisii  report  is  also  described  in  a  later  updated 
report  by  Rash,  harreft,  and  Hart  (see  capsule 
summary  SH-I5).  The  reader  is  referred  to  the 
capsule  « usej ry  of  that  report  for  a  description 
of  this  simulator. 

3H-11 

description  and  capabilities  of  a  traveling 

HAVE  SONIC  BOOM  SIMULATOR 

Roger  Tombouliar,  and  William  Peschke 

NASA  CR-1696,  November  1970 

The  purpose  of  the  study  described  in  this  paper 
was  to  gain  a  sere  complete  understanding  of  the 
performance  capability  of  the  NASA/GASL  (General 
Applied  Science  Laboratories)  traveling  wave  type 
sonic  boom  simulator,  to  improve  its  performance 
range  and  capability,  and  to  develop  test  data 


useful  for  the  development  of  larger  versions  of 
the  simulator. 

Hi*  facility  consists  of  three  major  components. 
Basically,  they  are  a  conical  duct,  a  mass  flow 
control  valve  (including  an  air  supply  system) 
which  is  coupled  to  the  duct  at  its  apex,  and  a 
moving  absorber  installed  at  the  large  end  of  the 
duct.  At  any  given  instant  of  time  during  valve 
operation,  the  flow  is  supersonic  downstream  of  the 
throat.  A  shock  interface  is  found  at  a  giver, 
location  within  the  duct  where  the  flow  becomes 
subsonic.  The  position  of  the  shock  interface 
moves  in  the  duct  as  a  function  of  the  mass  : low. 

For  a  more  detailed  description  of  the  facility 
the  reader  is  referred  to  capsule  summary  P-127. 

The  specific  areas  of  investigation  of  tne  present 
study  were  concerned  with: 

1.  A  study  of  methods  and  techniques  to  alleviate 
the  jet  noise  produced  during  operation  of 
the  facility. 

2.  An  extended  exploration  of  the  operating 
range  of  the  simulator  including  study  of  the 
facility  performance  characteristics  at  vari¬ 
ous  test  section  locations  within  the  simula¬ 
tor. 

3.  An  examination  of  methods  for  the  development 
of  non-ideal lzcd  wave  shapes. 

4.  A  review  of  absorber  materials  and  absorber 
installation  techniques  to  improve  the 
reflected-wave  cancellation  characteristics 
of  the  facility. 

In  addition  to  these  areas,  a  diaphragm  driver 
technique  was  developed  for  the  production  of  fast 
rise  time,  short  duration  N-vave  signatures, 
appropriate  for  reduced  time  scale  experimentation. 

The  following  conclusions  were  leached  concerning 
the  performance  of  the  NASA/GASL  sonic  boom  simu¬ 
lator  j 

1.  The  major  effort  was  concentrated  on  the 
investigation  of  techniques  for  the  reduction 
of  the  jet  noise  which  accompany  wave  genera¬ 
tion,  The  result  of  this  effort  was  a 
demonstrated  reduction  of  the  jet  noise 
amplitude  from  a  minimum  of  100%  of  the  inci¬ 
dent  wave  overpressure  to  a  maximum  of  2£% 
of  the  overpressure.  The  results  of  the 
absorber  investigation  included  a  90%  attenu¬ 
ation  of  the  high  frequency  component  of  the 
wave.  The  original  level  of  attenuation  of 
the  reflected  wave  overpressure  was  approx¬ 
imately  67*. 

2.  Test  data  acquired  during  the  program  demon¬ 
strated  the  feasibility  of  obtaining  non- 
normal  (peaked  or  rounded)  sonic  ooom  signa¬ 
tures.  The  primary  method  used  to  achieve 
non-normal  signatures,  involves  programming 
of  the  valve  nozzle  entrance  shape  and/or 
valve  pintle  displacement  history. 

3.  A  second  method  which  vai  tested  involved 
the  use  of  adjustable  reflective  surfaces  tc 
provide  a  reflected  wave  "teat"  signature. 
This  technique,  which  requires  some  addi¬ 
tional  investigation  did  provide  sjtisfac- 


tory  results  and  can  be  used  to  supplement 
the  simulator  wave  generating  capability. 

4,  The  investigation  of  the  operating  range  and 
a  survey  of  the  facility  provided  performance 
data  concerning  the  wave  duration,  maximum 
overpressures,  and  rise  times  obtainable  with 
the  facility.  These  performance  character¬ 
istics  are  as  follows: 

Diaphragm  Valve 

Mode  Mode 

N-wave  duration  (msec)  l.S  -  15  20  -  200 

Overpressure  (psf)  Up  to  6  Up  to  13.5 
Min. Rise  Time  (msec)  .01  1 

Duty  Cycle  (per  minute)  1  1 

In  an  earlier  report  (see  capsule  summary  SM-9) 
Tomboulian  described  the  research  studies  which 
were  conducted  to  establish  the  feasibility,  design 
techniques  and  approaches  followed  in  the  develop¬ 
ment  of  this  sonic  boom  simulation  facility. 

SM-12 

THE  DEVELOPMENT  OF  A  SONIC  BOOM  SIMULATOR 

WITH  DETONABLE  GASES 

R.  T.  Strugiclski ,  L.  E.  Fugelso,  L.  fl.  Holmes, 

W.  J.  Byrne 

Report  by  General  American  Research  Division,  Niles, 

Illinois,  GARD  Project  1494,  April  1971 

This  report  describes  the  program  conducted  by  the 
General  American  Research  Division  in  cooperation 
with  the  NASA  to  develop  a  method  whereby  pressure 
signatures  generated  by  supersonic  aircraft  may  be 
readily  and  economically  simulated  with  detcr.able 
gas  explosions.  Program  efforts  were  directed 
towards  two  primary  objectives:  1)  formulation  of 
a  rational  basis  which  enables  the  design  of 
experiments  which  will  produce  a  desired  pressure 
signature,  and  2)  demonstration  of  the  simulation 
e£  this  pressure  signal. 

The  method  developed  involved  the  detonation  of  a 
methane-oxygen  mixture  In  the  molar  ratio  cf  one  to 
two  contained  in  a  slender,  shaped  mylar  envelope. 
The  detonation  of  the  gas  mixture  was  initiated  by 
a  single  Primacord  strand  running  the  length  of 
the  balloon.  The  bailocn  configuration  required  to 
obtain  N-waves  having  durations  on  the  order  cf  75 
milliseconds  at  a  range  of  900  feet  was  found  to 
be  a  composite  shape,  60  feet  long,  consisting  of 
two  truncated  cones  and  a  cylindrical  segment,  the 
cones  abutting  either  end  of  the  cylinder.  The 
cone  section  toward  the  observation  point  deviated 
only  slightly  from  a  cylindrical  segment,  while  the 
other  cone  had  a  greater  slope.  The  balloon,  after 
being  filled  with  the  detenabie  gas  mixture,  was 
suspended  from  a  cable  and  tethered  in  a  horizontal 
position  23  feet  above  the  ground.  The  Primacord, 
necessary  for  stablization  of  the  resulting  pres¬ 
sure  signal,  was  ignited  by  a  conventional  detonator 
at  the  end  of  the  balloon  nearest  to  the  observation 
point  such  that  the  ensuing  Primacord  detonation 
propagates  away  from  the  observation  point. 

Signal  durations  of  up  to  75  milliseconds  were 
recorded  at  distances  leas  than  800  feet  from  the 
point  of  balloon  detonation.  Peak  overpressures 
in  the  range  3  to  15  psf  were  obtained. 

It  is  pointed  out  by  the  authors  that  the  method 
is  similar  in  concept  to  a  multiple  strand  Frima- 
eerd  technique  developed  by  Hawkins  and  Hicks  (see 


capsule  summary  SR-48) ,  and  has  a  signal  which  is 
characteristically  devoid  of  high  frequency  noise 
or  "hash,*  typical  of  air  shocks  generated  by 
solid  explosives. 

SM-13 

REVIEW  OF  SONIC  BOOM  SIMULATION  DEVICES  AND  TECHNIQUES 
Philip  M.  Edge,  Jr.,  and  Harvey  H.  Hubbard 
Sonic  Boom  Symposium,  vol.  51,  No.  2  (Part  3), 

February  1972,  pp.  722-728 

This  paper  presents  a  review  of  the  various  sonic 
boom  simulation  devices  and  techniques  that  have 
been  developed.  The  types  of  simulators  discussed 
are  shown  in  the  table  below,  which  was  taken  from 
this  paper.  This  table  also  summarizes  the  type 
of  research  for  which  each  of  the  simulators  is 
best  suited. 
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Cunpiriet  of  sonic  boom  simulators  ami  ihcr  research  epfshcttti.m 

The  following  are  the  basic  points  brought  out  in 
this  paper  with  regard  to  each  of  these  simulators: 

1.  Wind  tunnel  testing  techniques: 

These  techniques  are  applicable  in  sonic  boos 
generation  and  propagation  research.  Special 
models,  mountings,  and  pressure  sensors  are 
required.  One  of  the  most  important  uses  of 
the  wind  tunnel  is  to  determine  the  sonic 
boom  characteristics  of  simplified  research 
models  of  basic  aerodynamic  shapes  and  of 
specific  airplane  configurations. 

2.  Ballistic  ranges: 

This  technique  is  also  useful  in  sonic  boom 
generation  and  propagation  research.  It 
involves  the  firing  of  a  projectile  model 
along  a  given  trajectory  through  a  controlled 
environment.  This  technique  was  used  by 
Bauer  and  Bagley  (see  capsule  summary  P-113, 
to  investiage  topographic  and  atmospheric 
effects  on  sonic  boom  propagation. 

3.  Spark  discharge  systems: 

Tnis  technique  has  application  in  studying 
sonic  boom  propagation  phenomena.  The 
system  consists  basically  of  a  pair  of 
electrodes  connected  to  a  high-voltage  power 
source.  A  pressure  pulse  representative  of 
a  miniature  sonic  boom  is  generated  by  the 
discharge  across  the  electrode  tips,  this 
simulator  has  advantages  in  small-scale 
laboratory  bench-type  sonic  boom  experiments 
because  it  is  relatively  inexpensive  to  con¬ 
struct  and  operate.  This  type  of  simulator 
has  been  used  by  Beasley,  et  ai  (see  capsule 
surenary  P-102)  to  investigate  N-wave  focusing, 
by  Brooks,  et  al  (see  capsule  summary  P-112) 
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Co  investigate  diffraction  and  reflection  of 
sonic  boo*  by  buildings,  and  by  Davy  end 
Blackstock  (see  capsule  suaury  P-122)  to 
investigate  the  effects  of  atmospheric  in- 
homogenities  on  sonic  booei  propagation . 

4.  loudspeakers: 

These  techniques  are  useful  in  studying 
human  response  to  sonic  boosts.  They  include 
the  use  of  small  testing  chambers  and 
special  headsets.  Headsets  were  used  by 
Cepier  and  Harel  (see  capsule  scenery 
HRSC-16)  to  investigate  the  loudness  of  sonic 
booms,  requirements  for  the  headset  in¬ 
cluded  particular  attention  to  the  fit  of 
the  earphones  and  special  loudspeakers  hav¬ 
ing  flat  frequency  response  in  a  range  from 
a  few  cycles  to  alwut  1000  Ht.  The  whole- 
body  exposure  effects  which  say  be  important 
for  some  subjective  studies  are  sitting  in 
this  type  of  stimulation.  This  deficiency 
has  been  overcome  by  the  use  of  small  chambers 
equipped  with  loudspeaker  systems.  The 
chamber  is  usually  shaped  like  a  telephone 
booth  and  has  loudspeakers  mounted  in  the 
walls  to  produce  N-type  pressure  signatures. 

A  chamber  of  this  type  of  use  by  Pearsons 
and  Kryter  (see  capsule  susewry  HRSC-10)  to 
investigate  subjective  reactions  to  sonic 
booms.  A  similar  device  designed  by  Lock¬ 
heed  was  used  by  Shepherd  and  Sutherland 
(see  capsule  susmary  SM-6)  to  determine 
the  relative  annoyance  and  loudness  judge¬ 
ments  of  various  sonic  boom  waveforms.  The 
Lockheed  simulator  used  direct  amplification 
and  frequency  compensation  techniques  which 
resulted  in  excellent  control  of  the  overall 
wave  shapes,  rise  times,  and  durations  of 
the  pressure  stimuli.  Durations  in  the 
range  100  -  500  msec, overpressures  in  the 
range  0.5  -  5.01  psf  ,  rise  times  of  1  -  50 
msec,  and  a  wide  variety  of  fine-structure 
detail  were  simulated  for  test  purposes. 

5.  Piston  systems: 

This  type  of  device  has  use  in  studies  of 
human  ar.d  structural  response.  The  NASA 
Lar.giey  Research  center  low-frequency  noise 
facility  is  of  this  type.  This  facility 
consists  of  a  cylindrical  test  chamber,  a 
14-ft-diaoeter  piston,  and  a  movable  wall 
which  car.  be  positioned  to  close  the  oppo¬ 
site  end  of  the  test  chamber.  Pressure 
signatures  having  a  ranqe  of  overpressures 
from  0.5  to  20  psf,  durations  fro*  100  to 
500  msec,  and  rise  times  or.  the  order  of 
12C  msec  can  be  generated  by  tms  facility. 

The  rise  times  and  the  fine  structures  of 
the  wave  are  not  controlled  variables. 

Lukas  and  Kryter  (see  capsule  summaries 
HR5C-4C  ard  HRSC-S3)  used  a  sonic  boo* 
simulator  of  the  piston  type  to  investi¬ 
gate  the  awakening  ar.d  startle  effects  of 
sonic  booms. 

6.  Shock-tube  driven  systems: 

These  systems  are  useful  in  propagation  and 
response  studies.  A  devise  of  this  type 
called  the  "Blunderbuss"  was  developed  at 
the  British  Royal  Aircraft  Establishment- 
It  consists  of  a  conical  horn  having  a 
driver  section  containing  compressed  air,  a 


rupture  diaphragm,  and  a  driven  section 
where  the  testing  is  accomplished.  S’- type 
signatures  with  overpressures  up  to  20  psf 
can  be  generated.  Ling  Temco  Vought 
developed  a  simulator  consisting  of  twin 
shock  tube  driven  sections  connected  into 
a  horn  13  ft.  in  diameter  and  13  ft.  in 
length  (see  capsule  summary  SM-4) .  This 
device  does  not  produce  an  N-type  signature. 
The  signature  consists  of  two  short  duration 
pulses  which  occur  at  predetermined  time 
intervals  to  represent  any  given  value  of 
duration. 

7.  Explosive  charge: 

This  type  of  simulation  is  most  appropriate 
for  large-scale  outdoor  environmental  test¬ 
ing  of  building  structures.  Poise  type  pres¬ 
sure  signatures  can  be  generated  by  exploding 
multiple  charges  at  given  time  intervals  or 
line  charges  can  be  arranged  to  produce  N-type 
pressure  signatures  having  a  range  of  over¬ 
pressures  and  durations.  Another  simulator 
of  this  type  that  has  been  developed  involves 
the  explosion  of  a  cigar-shaped  balloon 
filled  with  detonable  gases  (see  capsule 
summary  SM-12) .  The  H-type  signatures 
generated  by  this  type  of  device  have  less 
fine-structure  distortion  theui  those  from  the 
multiple-line  charges. 

8.  Air  Modulator  Valve  Systems; 

These  systems  are  useful  in  structural 
response  studies.  A  device  of  this  type 
was  developed  by  Kyle  Laboratories  for  use 
in  studies  of  glass  breakage  (see  capsule 
summary  SR-64).  General  Applied  Science 
Laboratory  (GAEL)  also  developed  a  simulator 
of  this  type  (see  capsule  summary  SR-8S) . 

The  GASL/NASA  simulator  has  three  major 
components:  a  specially  developed  high¬ 
speed  flow  valve,  a  100-ft-long  conical  duct 
which  contains  the  test  section,  and  a  mov¬ 
ing  absorber  which  serves  as  an  acoustic 
termination  for  the  duct.  With  this  device 
overpressures  from  about  0.5  to  10  lb/ft2 
and  durations  from  about  50  to  500  msec  are 
obtainable.  This  device  is  advantageous  in 
studies  involving  repeated  load  testing  of 
structures  to  study  their  fatigue  life  and 
crack  growth  properties,  since  it  can  be 
readily  operated  with  only  a  short  interval 
between  booms. 

This  is  an  excellent  paper.  There  have  been  other 
similar  reviews  that  have  been  written  (see  cap¬ 
sule  suxuries  SM-7  and  SH-6) ,  but  neither  of 
those  were  as  extensive  and  complete  as  the  pre¬ 
sent  paper, 

SH-14 

SONIC  BOOM  EXPOSURE  EFFECTS  II. 6:  SONIC  BOOM 

GENERATORS 

C.  H.  E.  Warren 

Journal  of  Sound  and  Vibration,  Vol.  20,  February  22, 
1972,  pp.  535-539 

The  purpose  of  this  report  is  to  review  the  facil¬ 
ities  that  exist  for  studying  the  effects  of  sonic 
booms,  to  discuss  the  types  of  study  for  which 
they  are  suitable,  and  to  enumerate  the  character¬ 
istics  that  the  facilities  mist  have  in  order  that 


m 


meaningful  and  relevant  experiments  My  be 
performed. 

The  sonic  boon  generation  and  simulation  devices 
and  facilities  discussed  include:  (1)  ordinary 
military  flying:  (2)  special  test  flights)  (3)  ex- 
plosive  charges;  (4)  acoustic  guns;  (5)  traveling 
wave  devices;  and  (6)  speakers,  pistons,  and  other 
acoustic  devices.  The  following  are  the  main 
points  brought  out  in  conjunction  with  each  of 
these  areas: 

1.  A  certain  amount  of  information  can  be 
obtained  in  regard  to  the  effects  of  a  series 
of  sonic  booms  on  multitudes  of  objects  by 
studying  the  effects  produced  by  ordinary 
military  supersonic  flying.  The  advantage 

of  such  studies  is  that  the  objects  them¬ 
selves  are  usually  in  their  normal  and 
natural  environment. 

2.  Booms  of  the  overpressure  and  signature  inter¬ 
val  typical  of  possible  commercial  supersonic 
aircraft  can  bo  obtained  by  special  test 
flights  of  their  prototypes.  However,  this 
does  not  allow  the  habituation  of  people 

nor  the  structural  damage  due  to  fatigue  to 
be  studied. 

3.  The  simulator  employing  a  line  charge  of 
explosives  developed  by  Hawkins  and  Hicks 
(see  capsule  summary  SR-48)  is  suitable  only 
when  the  responses  at  frequencies  below  100 
Hz  are  of  most  interest,  such  as  studies  on 
building  structures,  or  when  those  fre¬ 
quencies  are  Best  contributory,  such  as 
studies  on  persons  inside  buildings,  since 
there  tends  to  be  an  excess  of  energy  at 
frequencies  above  about  100  Hz.  Another 
shortcoming  of  this  simulator  is  the  diffi¬ 
culty  of  making  the  angle  of  incidence  on  a 
building  representative  of  that  of  actual 
sonic  booms.  On  the  ether  hand,  the  general 
boom  overpressure  and  signature  interval  can 
be  controlled  and  varied  at  will. 

4.  "Acoustic  gun"  is  a  tens  that  is  used  to 
describe  various  simulators  developed  in 
different  countries.  Their  common  feature 
is  some  form  of  boca-producing  tube  aimed  at 
the  object  to  be  exposed.  This  type  of 
simulator  can  simulate  the  boom  peak  over¬ 
pressure  and  the  high  frequency  content  of 

a  sonic  boom  !!-wave,  and,  possibly  the  rise 
time.  On  the  other  hand,  it  completely  lacks 
the  low- frequency  content  associated  with  the 
large  impulse  of  a  sonic  boom. 

0.  Jr.  traveling  wave  devices  (see  capsule  sum¬ 
mary  SM-11,  for  example)  the  bursting  of  a 
diaphragm  causes  an  acoustic  signal  having 
the  form  of  an  ideai  sonic  boom  N-wave  to 
travel  down  a  tube  to  a  test  aiea  of  some 
3  m  square.  Such  a  simulator  is  suitable 
for  experiments  requiring  typical,  simple, 
highly  controllable  and  repeatable  sonic 
bGoms.  Because  high  intensity  sonic  booms 
can  easily  be  produced,  this  simulator  is 
very  suitable  for  determining  threshold 
levels  above  which  specific  effects  on  ob¬ 
jects  occur,  thereby  yielding  the  safety 
margin. 


6.  The  simulated  sonic  booms  produced  by  an 
array  of  loudspeakers  mounted  in  the  walls 
of  a  pressure  booth  (see  capsule  summary 
HRSC-41)  are  suitable  mainly  for  psycho¬ 
acoustic  experiments,  since  only  auditory 
cues  are  simulated. 

7.  simulated  booms  obtained  by  replaying  record¬ 
ings  of  sonic  booms  through  loudspeakers  in 
an  ordinary  room  can  produce  the  auditory 
stimuli  of  indoor-recorded  sor.ic  booms, 
which  do  not  contain  shock  waves.  It  cannot 
reproduce  the  associated  vibratory  stimuli 
which  are  probably  necessary  technically  in 
most  studies,  such  as  in  studying  the  effects 
on  persons  asleep  in  a  room, 

8.  The  simulated  boom  generated  by  a  device 
which  consists  of  a  chamber  in  which  the  air 
pressure  can  be  varied  by  the  motion  of  a 
piston  driver  in  a  prescribed  way  is  more 
suitable  for  studies  on  the  effects  of 
booms  on  sleeping  persons  thar.  the  replayed 
recording  technique. 

This  is  a  good  sunaaary  of  sonic  boom  simulation 
techniques.  However,  a  more  complete  and  exten¬ 
sive  review  was  made  by  Edge  and  Hubbard  (see 
capsule  sunaary  SM-13) . 

SM-15 

development  and  evaluation  of  a  device  to  simulate 

A  SONIC  BOOM 

L.  C.  Rash,  R.  F.  Barrett,  and  F.  D.  Hart 

NASA  CR-112117,  May  1972 

In  the  study  described  in  this  paper  a  device  to 
simulate  the  vibrational  and  acoustic  properties 
of  a  sonic  boom  was  developed  and  evaluated.  The 
design  employed  a  moving  circular  diaphragm  which 
produced  pressure  variations  by  altering  the 
volume  of  an  air-tight  enclosure  that  was  located 
adjacent  to  an  acoustical  test  chamber,  a  review 
of  construction  oriented  problems,  along  with  their 
solutions,  is  presented  in  this  report. 

The  simulator  is  shown  to  be  capable  of  simulating 
sonic  booms  having  pressure  signature  rise  times 
between  5  and  30  msec,  durations  between  80  and 
350  msec,  and  overpressures  between  0.4  and  2.5 
psf.  Variations  in  the  signature  can  be  made  by 
independent  adjustments  of  the  simulator.  It  is 
also  shown  that  the  energy  spectral  density  is  in 
agreement  with  theory  end  with  actual  measurements 
for  aircraft. 

This  simulator  is  similar,  in  principle,  to  the 
one  developed  at  Stanford  Research  Institute  (see 
capsule  summary  S.M-5) .  This  type  of  simulation 
facility  is  the  best  available  method  of  simulat¬ 
ing  indoor  sonic  booms,  since  it  even  simulates 
the  structural  vibration  of  the  building  due  to  the 
sonic  boom. 

SM-16 

INITIAL  CALIBRATION  AND  PHYSIOLOGICAL  RE5F0NSE  DATA 

FOR  THE  TRAVELLING-WAVE  SONIC-BOOM  SIMULATOR. 

Richard  Carothers 

Institute  for  Aerospace  Studio*,  University  of 

Toronto,  UTIAS  Technical  Note  No.  180,  August  1972 

This  report  deals  with  the  initial  calibration  of 
a  sonic  boom  simulation  facility  which  was  designed 


and  built  at  the  University  of  Toronto  Institute 
for  Aerospace  Studies.  Also  presented  are  the 
results  of  tests  shoving  the  effects  of  sonic 
boons  on  human  heart  rate  and  hearing.  However, 
these  results  are  sussaarized  in  capsule  summary 
HRSC-81. 

The  simulation  horn  was  an  80  foot  long  pyramidal 
structure.  The  useful  test  section  extended  from 
a  3  foot  square  cross  section  25  feet  from  the 
horn  apex  to  a  10  foot  square  cross  section  at  the 
open  base.  Within  this  test  section  there  was 
room  for  large  structural  models  or  human  and 
animal  subjects. 

Both  shock-tube  drivers  and  a  mass  flow  valve 
were  used  to  generate  sonic  booms  and  for  both 
of  these  methods  the  main  sonic-boom  parameters 
of  peak  overpressure,  duration,  and  rise  time 
were  measured.  The  mass  flow  valve  is  shown  to 
be  capable  of  producing  high  peak  overpressures 
(>25  psf)  and  durations  ranging  from  70  to  500 
o sec,  while  the  shock  tube  drivers  produced  short 
rise  times  of  less  than  0.1  msec. 


It  was  found  necessary  to  install  inside  the 
horn  a  fiberglass  acoustical  filtering  section 
in  order  to  attenuate  the  jet  ncise  which  was 
superimposed  cr.  the  mass  flow  valve  generated 
sonic  booms.  Measurements  of  particle  velocity 
(induced  by  the  simulated  sonic  tooisi  within 
the  test  section  of  the  facility  showed  that  the 
resulting  dynamic  pressure  was  negligible  when 
compared  to  the  peak  overpressure  of  the  sonic 
boos.  Further  measurements  showed  an  insignif¬ 
icant  boundary  layer  growth  along  the  walls  of 
the  test  section. 

This  simulator  is  similar,  in  principle,  to  the 
GASL/NASA  simulator  (see  capsule  summary  SH-llJ . 

SM-17 

CANADIAN  SONIC-BOOM  SIMULATION  FACILITIES 
I.  I.  Glass,  H.  S.  JUbner,  and  J.  J«  Gottlieb 
I CAS  Paper  Ho.  72-26,  Prssented  at  the  8th  Congress 
of  the  International  Council  of  the  Aeronautical 
Sciences,  August  28-Septfcriber  1,  1972 

This  paper  describes  two  Canadian  sonic  boom 
simulation  facilities.  These  were  constructed 
at  the  University  of  Toronto  Institute  for  Aero¬ 
space  Studies  in  order  to  obtain  Canadian-based 
data  un  psychouccusticy  physiological ,  and 
structural  response  to  sonic  boom.  One  is  a 
loudspeaker-driven  simulator  which  is  able  to 
mimic  arbitrarily  distorted  sonic  booms  within 
a  small  booth;  the  other  is  a  large  horn-type 
simulator  with  a  capability  for  generating 
powerful  traveling-wave  sonic  booms  of  substan¬ 
tial  spatial  extent  or  duration.  The  horn  and 
booth-type  simulation  facilities  complemer  lach 
other  for  the  study  of  human,  animal,  and 
structural  response  to  the  sonic  boom. 

The  loudspeaker-driven  simulator  is  in  the  form 
of  a  solidly  built  booth  about  70  cubic  feet  in 


volume,  which  can  house  a  single  seated  subject, 
owing  to  the  flexibility  of  the  electronic 
circuitry,  features  of  the  sonic-boom  pressure 
signature  can  be  adjusted  at  will.  Thus,  response 
to  the  variation  of  such  characteristics  as  11- 
wave  overpressure,  rise  time,  and  duration  can 
be  evaluated.  Additionally,  a  variety  of  psycho¬ 
acoustic  studies  can  be  performed  with  either 
transient  or  steady  sounds.  As  a  new  feature, 
the  signal  can  be  predistorted  by  means  of  .. 
special  function  generator  to  help  cancel  the 
loudspeaker  distortion. 

The  traveling-wave  simulator  horn  is  m  the  . 
form  of  a  concrete  horizontal  pyramid  80  feet 
in  length  with  a  10  by  10  feet  open  base.  At 
the  apex  a  specially-designed  mass  flow  valve 
is  used  to  generate  sonic  boom  N-waves  ot 
suitable  amplitude  and  duration,  and  acceptably 
short  rise  times;  alternatively,  shock-tube 
drivers  are  used  for  generating  short-duration 
sonic  booms.  The  interior  of  the  horn  contains 
a  high  frequency  sound  absorber  to  reduce 
undesirable  jet  noise,  and  the  open  end  has  a 
specially-designed  reflection  eliminator -in  the 
form  of  a  recoiling  porous  piston. 

The  capacity  of  the  loudspeakers  and  amplifiers 
of  the  booth-type  generator  were  chosen  to  permit 
peak  wave  overpressures  up  to  about  6  psf  for 
short  durations  <100  msec)  and  less  for  longer 
duration  w«ves  (up  to  500  msec)  which  ate  limited 
by  slight  air  leakage  from  the  booth  interior. 
Rise  times  were  found  to  be  as  low  as  1  msec. 

The  mass  flow  valve  of  the  traveling-wave  sonic 
boom  simulator  is  shown  to  be  capable  of  pro¬ 
ducing  high  peak  overpressures  (>2S  psfi  and 
durations  ranging  fro*  70  to  500  msec,  while 
the  shock-tube  drivers  produced  short  duration 
booms  with  the  times  of  less  than  0.1  msec. 

The  traveling-wave  simulation  was  used  by 
Carcthers  (see  capsule  summary  HRSC-81)  to 
investigate  the  effects  of  sonic  booms  on 
human  heart  rate  and  hearing. 

This  is  a  good  summary  of  Canadian  sonic  boom 
simulation  facilities.  For  similar  summaries  of 
U.S.  and  British  sonic  boom  simulators  see 
capsule  surwaries  S.M-13  and  SM-S,  respectively. 


SM-1S 

AJi  EXPERIMENTAL  STUDY  TO  DETERMINE  THE  EFFECTS  OF 
REPETITIVE  SONIC  BOOMS  ON  CLASS  BREAKAGE 
G.  C.  Kao 

Federal  Aviation  Administration  Report  No.  FAA- 
S0-70-13,  June  19/0 

The  main  objective  of  the  program  discussed  in 
this  paper  was  to  determine  the  cumulative  damage 
effect  on  glass  of  repetitive  sonic  booms,  in 
order  to  evaluate  such  phenomena  experimentally, 
a  pr.euaatic-pistonphone  simulator  was  developed. 
For  a  description  of  this  simulator,  see  cap¬ 
sule  summary  SK-64. 
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IT-1 

INSTRUXECTATIOK  FOR  KEA  SC  RESENT  OF  SONIC  BOW 

Harry  H.  Tamguchi 

Soiso  Control,  Vol.  7,  March/April  1961,  pp.  43-45 

A  discussion  of  the  i n s t r use r.ta  1 1  or.  requirements 
for  measurement  of  sor.:c  boos*  is  presented  in 
this  paper.  The  essential  conclusions  arrived 
at  are  as  follows: 

1.  The  frequency  response  characteristics  of 
the  transducer  used  oust  be  uniform  within 
the  range  of  the  signal  being  measured . 

2.  The  dynamic  range  oust  be  adequate  an a  the 
sensitivity  ,  roper  to  record  the  signal 
within  the  linear  operating  range  of  the 
transducer. 

3.  The  phase  shift  between  the  input  pressure 
and  the  output  electrical  signal  of  the 
transducer  Bust  be  linear  as  a  function  of  ^ 
frequency. 

The  transducer  system  described  in  this  caper  to 
meet  these  requirements  had  a  frequency  response 
which  was  uniform  from  2  cps  to  approximately 
8000  cps.  The  input  pressure  and  the  output  volt¬ 
age  relationship  was  linear  within  the  pressure 
range  Iron  0.02  to  10  lb/ft2.  Limited  laboratory 
measurements  made  with  the  selected  transducer  in¬ 
dicated  cere  phas-  shift  between  the  input  applied 
pressure  and  the  output  electrical  signal  in  the 
range  from  2  to  20  cps.  Additional  measurements 
were  in  progress  to  cover  the  rest  of  the  frequency 
range  of  interest. 

The  major  components  of  the  measurement  system 
described  here  were  the  transducer  system,  a  de¬ 
coupled  oscilloscope  with  attached  camera  to 
record  the  signal  level  during  the  test;  ar.d,  to 
provide  a  permanent  record  of  the  data,  a  tape 
recorder.  The  output  of  the  pressure  transducer, 
in.  addition  to  being  fed  into  the  oscilloscope, 
was  connected  to  a  cathode  follower.  This  allowed 
the  same  signal  to  be  recorded  on  ths  ee  different 
chi  one  Is  of  the  tape  recorder.  Setting  each  of 
the  three  channels  at  a  different  voltage  gam 
insured  that  a  proper  recording  of  the  signal  would 
be  obtained  on  at  least  one  channel. 

This  was  one  o'  the  earliest  discussions  of  sonic 
boom  l.-.strumes  t  -ion  systems .  Tra  conclusion  that 
a  microphone  wit.  a  uniform  frequency  response 
over  the  range  1 1\  ■  2  cps  to  8000  ops  would  ade¬ 

quately  reproduce  «.  c.iic  boos  waveform  was  later 
outdated  by  the  ft.  a  that  a  frequency  range  of 
0.1  cps  tc  1 0 ,00C  e,  ■  oviaes  a  such  wre  accurate 
reproduction  of  the  _•••  »  ire  signature  (see  capsule 
sun  —5 ry  I.  —  3} . 


cusses  only  Che  instrumented  nose  boars  used  here. 
For  a  discussion  of  the  results  of  the  pressure 
measurements,  the  reader  is  referred  to  capsule 
summary  G-20. 

The  description  of  the  instrsasented  nose  bcccs 
used  in  this  experiment  is  presented  in  the  appen¬ 
dices  of  this  report.  The  nose-boca  probe  was 
designed,  fabricated,  and  calibrated  by  '(ASA  per¬ 
sonnel.  The  instrumentation  was  designed  so  as 
to  be  suitable  for  flight  environments.  It  was 
also  designed  to  have  a  high  sensitivity  and  a 
frequency  response  that  was  flat  from  rerc  to 
3G  cps,  A  differential  pressure  gage  was  used 
to  obtain  high  sensitivity.  The  required  fre¬ 
quency  response  was  obtained  by  locating  the  two 
inductance  type  miniature  pressure  gages  very 
close  to  the  pressure-sensing  orifices.  Gage  1 
had  a  sensitivity  of  approximately  10  Ifc/f  t2 
per  inch  of  fils  deflection  and  was  recorded  by 
a  100-cycle  galvanometer.  Sage  2  had  a  sensi¬ 
tivity  of  about  20  lb/ft2  per  inch  of  film  de¬ 
flection  and  was  recorded  by  a  50-cycle  galva¬ 
nometer.  The  accuracy  of  tbs  overall  system 
was  estimated  tc  be  3  percent  of  the  peak 
positive  overpressure. 

The  design  and  aerodynamic  calibration  of  the  ncee- 
boor.  pressure  probe  is  discussed  in  detail  in 
Appendix  B  of  this  report.  Briefly,  the  probe  was 
of  conical  shape  and  employed  six  pressure-sensing 
systems  including  the  two  systems  for  indicating 
disturbance-related  pressure  changes,  two  system 
for  providing  reference  pressures  fas  the  differ¬ 
ential-pressure  gtges,  and  sj  .teas  for  providing 
approximate  f rev-stream  static  (ambient)  pressure 
and  pitot  pressure  for  the  airplane  flight  instru¬ 
ments.  The  orifices  and  the  tube  for  providing 
approximate  ambient  and  pitot  pressures  for  the 
flight  instruments  were  located  at  the  bottom  of 
the  probe  for  all  flights.  The  forward  end  ot  the 
;  jbe  was  cade  rotatable  in  order  to  facilitate 
the  required  orientation  with  disturbance-sensing 
orifices  facing  the  incident  disturbance  waves 
frea  the  gener*  -i.-.g  airplane.  The  rear  portion  of 
the  probe  was  secured  to  the  nose  boots  in  such  a 
manner  that  the  angle  of  attack  of  the  probe  would 
be  near  0*  for  the  expected  flight  conditions. 

The  miniature  pressure  gages  in  the  probe  were 
installed  with  their  disphragss  perpendicular  to 
the  longitudinal  axis  of  the  profee  in  order  to 
minimize  possible  effect*  of  lateral  accelerations. 

An  instrumented  nose  boots  was  also  used  in  the 
investigation  described  by  Smith  (see  capsule 
summary  G-12 ) . 

This  Is  a  very  good  discussion  of  the  special 
problems  involved  in  making  in-flight  measurements 
of  sonic  booms. 
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:r-3 

MEASURING  THE  SCJjlC  K XM 
Jim  Kyle 

Electronics  World ,  October  1964,  pp.  >8-60  and  p.  68 

This  paper  describe*  the  iastrtsier.tatioo  used  dur¬ 
ing  the  Oklahow  City  sonic  boo*  tests  of  1964  (See 
capsule  summary  SR- 12.  for  example: ,  The  three 
sain  quant. -ies  measured  during  the*®  experiments 
were  air  p-  :re,  structural  movement  of  specially 
instrument  *  *ovse*,  and  the  apaed  of  struc¬ 

tural  set-  ■„  s»-  the  test  houses. 
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It  is  shown  that  in  order  to  accurately  reproduce 
the  rise  time  and  the  pressure  fall  rate  between 
the  leading  and  trailing  shocks,  it  is  necessary 
to  have  a  microphone  with  a  frequency  response 
range  of  0.1  ops  to  10.000  cps.  Such  a  response 
range  was  obtained  by  modifying  an  existing  micro¬ 
phone  having'  a  1-10,000  cps  range.  The  modi¬ 
fication  consisted  of  venting  the  enclosed  air 
behind  the  diaphragm  through  specially  designed 
vents.  The  complete  pressure  measuring  unit  con¬ 
sisted  of  the  modified  microphone,  its  associated 
electronic  unit,  a  current  amplifier,  and  an 
oscillograph. 

The  amount  of  structural  movement  was  determined 
by  using  semiconductor  strain  gages,  which  were 
located  at  key  points  of  the  building,  such  as 
rafters  and  joists.  Movements  as  small  as  one 
microinen  were  detectable  with  these  gages. 

Accelerometers  were  used  to  measure  the  motion  of 
the  structure.  They  were  used  in  pairs,  one  •—  ir 
measuring  east-west  acceleration  and  the  o  .  the 
north-south  components.  The  accelerometer*  used 
in  this  particular  experiment  were  of  the  servo 
type  in  which  a  feedback  signal  was  developed  and 
amplified  to  maintain  the  reference  mass  ver¬ 
tically  stationary  with  respect  to  the  accelerom¬ 
eter  cast.  This  "error  signal"  constituted  the 
accelerometer  output. 

The  Oklahoma  City  sonic  boom  tests  were  some  of 
the  most  extensive  ever  conducted.  The  results  of 
these  tests  are  widely  referred  to,  even  to  the 
present  day.  In  order  for  later  investigators  to 
be  able-  to  determine  the  accuracy  of  the  measure¬ 
ments  made,  it  ,s  important  to  know  the  type  and 
quality  of  the  instruments  usea.  This  paper 
provides  that  information  in  a  clear,  concise 
manner . 

In  n  earlier  paper  ;see  capsule  summary  IT-1)  it 
was  concluded  that  a  microphone  having  a  uniform 
frequency  response  from  2  cps  to  P000  cps  would 
adequately  reproduce  a  sonic  boom  waveform.  The 
present  paper  shows  that  such  a  range  in  not  good 
eno'-gh  ari  that  a  range  of  0.1  cps  to  10,000  cps 
is  required. 

IT-4 

TEST  SUPFORT  TO  FAA  SONIC  BOOM  IE  ST  NEW  MEXICO 

M.  Adams  and  R.  McMullin 

Boeing  Conrany,  Document  D6-1748S,  March  1965 

This  report  presents  details  of  the  instrumenta¬ 
tion  systems  used  to  measure  overpressure  levels 
in  the  sonic  boom  tests  conducted  at  White  Sands 
Missile  Ranee,  New  Mexico,  Ii  1965  (see  capsule 
summary  SR-15) .  Six  pressure  measuring  systems 
plus  a  direct  read-cut  oscillograph  wore  installed 
by  Boeing  at  the  test  site. 

The  basic  test  instrumentation  system  consisted  of 
six  pressure  transducers,  six  signal  conditioning 
networks  and  one  direct-write  multichannel  oscillo- 
griph.  All  components,  except  the  transducers,  were 
unmodified  commercial  equipment.  The  condenser 
sc  -rophones  were  modified  to  respond  to  ;  r  oxi- 
mately  0.5  cps  by  critically  controlling  ' 
venting"  across  the  microphone  diaphragm. 

The  electrical  response  ot  the  measures*  .  .  system 
was  'sseneially  uniform  from  DC.  to  2500  c;-s.  Tiie 
upper  frequency  limitation  was  determined  by  the 
recording  ga'vanometer.  The  low  frequency  response 
below  20  cps  was  determined  by  th*  bat  venting  of 
th'  nucrophone  diaphragm.  The  acoustic  calibration 


of  the  microphone  from  10  cps  to  5  Kc  was  done  in  a 
pressure  coupler  using  a  certified  reference  micro¬ 
phone.  The  back  venting  on  each  microphone  was 
then  adjusted  to  obtain  the  best  compromise  between 
good  low  frequency  response  below  10  cps  and  fast 
recovery  time  £ro.,t  static  pressure  variations.  The 
back  venting  adjustment  was  done  in  a  low  frequency 
pistonphone  which  was  referenced  to  tne  reference 
microphone  at  10  cps. 

The  instrumentation  system  described  here  was 
very  similar  to  the  equipment  used  to  measure 
soni’’  boom  overpressure  in  the  Oklahoma  City  tests 
(see  capsule  summary  IT-3) . 

rr-s 

INSTRUMENTATION  TECHNIQUES  FOR  MEASUREMENT  OF 

SONIC-BOOM  SIGNATURES 

David  A.  Hilton  and  James  W.  Newman,  Jr. 

Proceedings  of  the  Sonic  Boom  Symposium,  The  Journal 

of  the  Acoustical  Society  of  America,  Vol.  39,  No.  5 

(Part  2),  19'",  pp.  S31-S35 

Thi3  piper  discusses  the  type  of  instrumentation 
required  to  measure  sonic  booms.  A  NASA  instru¬ 
ment  system  is  described  together  with  measurement 
techniques. 

The  first  section  of  the  paper  treats  frequency 
response  requirements.  It  is  shown  that  a  system 
with  poor  low  frequency  response  characteristics 
will  not  give  an  accurate  reproduction  of  the 
slowly-varying  portro.  of  the  wave.  A  system 
with  good  low  frequency  response  but  poor  high 
frequency  response  will  not  accurately  reproduce 
the  small  details  associated  with  the  rapidly 
ris':.g  portion  of  the  wave  and  particularly  the 
peak  pressure.  Thus  in  order  ro  accurately  re¬ 
produce  all  portions  of  the  wav-  form  the  measuring 
system  must  have  a  usable  freqi  sney  response  range 
from  nearly  do  to  several  thousand  cycles  per  sec¬ 
ond  in  the  pressure  range  0.1  to  10  psf. 

The  discussion  then  deals  with  the  manner  in  which 
commercially  available  condenser  microphones  were 
modified  to  obtain  the  desired  low  frequency  re¬ 
sponse  characteristics.  The  mcdification  consisted 
of  changing  the  configuration  of  the  chamber  vent 
behind  the  diaphragm.  The  intermediate  dashed 
curve  shown  in  the  figure  bsxow,  which  was  taken 
from  this  paper,  was  obtained  by  diminishing  the 
venting  rate.  It  is  pointed  out  that  eliminating 
the  vent  would  result  in  essentially  dc  response. 
However,  the  purpose  of  using  t.b«  modified-vent 
conf 4 guration  was  to  allow  adequate  provision  for 
temperature  and  atmospheric  pressure  changes  during 
field  operations. 
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Frequency  response*  of  a  slander J  and  a  modified  microphone 


The  complete  measuring  system  in  which  the  modi¬ 
fied  microphone  was  used  is  shown  in  the  block 
diagram  below,  which  was  taken  from  this  paper. 

The  condensor  microphone  and  the  coil  adapter  unit 
were  used  together  to  form  a  tuned  circuit.  The 
use  of  proper 'signal-conditioning  equipment 
enabled  various  means  of  data  recording.  Special 
features  of  the  system  included  eelf-contained 
battery  operation,  the  capability  of  driving  long 
cables,  a  provision  for  systam  sensitivity  checks 
in  the  field  by  mean*  of  static  pressure  devices, 
and  the  ability  to  produce  quick-look  records 
with  the  use  of  data-write  equipment. 
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Block  dkgntm  of  meowing  system 


The  final  portion  'of  the  discussion  deals  with 
the  use  of  the  system  to  obtain  ground-surface 
measurements.  In  order  to  provide  nearly  perfect 
reflection  in  the  area  of  the  transducer,  a 
reflecting  board  was  used.  This  board  was  a  rigid 
piece  of  plywood  having  an  area  about  100  times 
*-*’e  microphone  size.  The  microphone  was  installed 
so  that  its  diaphragm  was  parallel  with  the 
reflecting  board,  it  was  stock  mounted  in  order 
to  minimize  ground  vibration  effects,  and  a  wind 
screen  was  used  to  isolate  the  microphone  from 
the  effects  of  wind.  The  wind  screen  consisted  of 
a  light  wire  frame  covered  with  cheese  cloth. 

This  is  an  excellent  sunm-ary  of  the  state  of  the 
art  of  sonic  boom  instrumentation  techniques  as 
of  1965. 

IT-6 

WIND-TUNNEL  SONIC-BOOM  TESTING  TECHNIQUES 

H.  W.  Carlson  and  0.  A.  Morris 

AIAA  Paper  No.  66-765,  Presented  at  AIAA  Aerodynamic 
Testing  Conference,  Los  Angeles,  California, 
September  21-23,  1966 

This  paper  describes  the  problems  involve'  in 
wind  tunnel  sonic  boom  testing  and  the  techniques 
used  to  overcome  these  problems.  The  most  sig¬ 
nificant  problems  were: 

1.  Model  and  probe  vibration. 

2.  Boundary  layer  effects. 

3.  Nonuniform  and  nonsteady  test  conditions. 


4.  Requirement  for  extreme  sensitivity  in 
measurement  system. 

5.  Accurate  construction  of  extremely  small 
models. 

The  vibration  of  the  probe  and  model  combined  with 
the  boundary  layer  affects  resulted  in  a  measured 
signature  which  lacked  aharply-defined  peaks. 

This  was  overcome  by  adjusting  the  positive  lobe 
of  the  measured  signature  to  correspond  to  an  N- 
wave  having  the  same  positive  impulse. 

Nonuniform  and  nonsteady  test  conditions  resulted 
in  pressure  variations  as  much  as  several  percent 
of  the  free  stream  static  pressure.  Since  this 
may  be  several  times  greater  than  che  maximum 
pressure  produced  by  the  model,  these  variations 
had  to  be  eliminated  or  greatly  reduced.  The  non- 
uniform  and  nonsteady  test  conditions  were  due 
to  three  main  causes:  (i)  variation  in  free  stream 
static  pressure  as  the  control  system  cycled  frem 
underpresi  j-e  to  overpressure:  (2)  variations 
due  to  small  tunnel  wall  deformities;  and  (3) 
changes  in  the  temperature  environment  of  the 
pressure  gage  and  the  tubing  external  to  the 
tunnel . 

It  was  found  that  errors  due  to  variation  in  free 
stream  static  pressure  due  to  control  system  cycling 
could  be  virtually  eliminated  by  locating  the  refer¬ 
ence  and  measuring  orifices  of  the  differential  pres¬ 
sure  gage  relatively  closs  to  each  other  and  careful¬ 
ly  balancing  the  time  leg  in  the  tubing.  Position- 
dependent  preeeure  variations  due  to  tunnel-wall 
deformities  were  minimised  by  moving  the  model 
instead  of  the  pressure  orifices  to  get  complete  pres¬ 
sure  signature  and  by  spacing  the  orifices  at  a  dis¬ 
tance  no  more  than  that  necessary  to  get  the  complete 
pressure  signature. 

Changes  in  the  temperature  environment  of  the 
gage  i.d  tubing  external  to  the  tunnel  resulted 
in  less  severe,  more  graduul  deviations  of  dif¬ 
ferential  gage  pressure  with  time.  It  was  found 
that  this  effect  could  be  vi.f  utlly  eliminated 
by  the  locking  of  doors  durii. ,  the  run  or  the 
application  of  insulation. 

It  was  found  that  the  necessary  sensitivity  of 
measurement  could  be  achieved  only  by  using  a  dif¬ 
ferential  pressure  gage  with  a  maximum  range  not 
too  much  greater  th^n  the  model -crested  pressures. 

The  models  used  ranged  in  size  from  1/4"  to  4". 

In  order  to  achieve  accurate  scaling  the  con¬ 
struction  methods  employed  specialized  machine 
tools  whicn  allowed  the  use  of  oversize  master 
models.  A  number  of  operations  were  perforr^ed 
under  binocular  microscopes  and  alignment  jige 
were  used  to  a  consider-.ole  extent. 

This  paper  is  a  good  summary  of  the  state  of  the 
art  of  sonic  boom  wind  tunnel  testing  techniques 
as  of  1966.  A  later  paper  by  Morris  and  Miller 
{ see  capsule  summary  IT-13)  presents  a  similar 
discussion  but  for  higher  Mach  numbers. 

IT  -7 

A  FEASIBILITY  INVESTIGATION  CONCERNING  THE  SIMULA¬ 
TION  OF  SONIC  BOOM  BY  BALLISTIC  MODELS 

J.  G.  Callaghan 
NASA  CR-603,  October  1966 
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This  report  presents  the  results  of  a  series  of 
tests  to  determine  the  feasibility  of  using  bal¬ 
listic  models  to  provide  laboratory  simulation 
of  sonic  boom.  The  test  program  consisted  of 
two  uiain  parts:  (1)  the  determination  of  appro¬ 
priate  instrumentation  to  measure  the  pressure 
signature  of  small-scale  rapidly  moving  ballistic 
models,  and  {2)  the  definition  of  problems 
associated  with  launching  winged  ballistic  models. 
Only  the  first  part  of  the  program  will  be  sum¬ 
marized  here.  For  a  discussion  of  the  second 
part,  see  capsule  summary  SM-3  . 

In  order  to  ensure  the  best  possible  reproduction 
of  the  pressure  signature  associated  with  the 
particular  model  m  question,  two  approacnes  were 
used.  The  testing  of  commercially  available  pres¬ 
sure  transducers  was  conducted,  as  well  as  the 
testing  of  transducers  especially  tailored  to  the 
particular  requirement  of  the  subject  study. 

It  was  found  that  commercially  available  trans¬ 
ducers  could  provide,  in  a  rapid  fashion,  good 
quality  pressure  signatures  resulting  from  shock 
wave  systems  of  ballistic  models  in  flight. 

Measured  maximum  overpressures  were  generally 
higher  t..an  theoretically  predicted  levels.  It 
was  felt  that  this  was  due  primarily  to  non¬ 
linearity  in  transducer  sensitivity. 

Specially  tailored  transducers  showed  promise 
of  improvement  in  the  quality  of  pressure  signa¬ 
tures  over  those  commercially  available.  The 
tailoring  techniques  consisted  mainly  of  modify¬ 
ing  the  diaphragm  to  change  resonance  and  damping 
characteristics. 

The  discussion  presented  in  this  paper  is  not 
very  relevant  to  the  measurement  of  actual  sonic 
boon  pressure  signatures  due  to  the  fact  that  the 
frequency  range  of  interest  is  much  higher  in 
this  case.  However,  it  docs  illustrate  the  spe¬ 
cial  problems  Invo.-ed  in  instrumenting  for 
ballistic  Simula',  ion  of  sonic  Dooms. 

IT-8 

CALIBRATION  OF  PHOTOCON  PRESSURE  TRANSDUCER 

R.  Brown  and  J.  J.  Van  Houten 

NASA-CS-66169,  March  1967 

This  is  a  very  short  report  describing  the  appli¬ 
cation  of  the  techniques  discussed  in  capsule 
summary  IT-9  to  the  calibration  of  three  Photocon 
microphone  systems.  The  calibration  includes  a 
measu'  ement  of  the  frequency  response  of  the 
tian: .ucers  obtained  by  use  of  an  infrasonic 
pistonphone  in  the  range  from  0.01  to  10  Hr. 

The  el  feet  or.  transducer  sensitivity  of  changes 
iit  transducer  balance  sensitivity  was  evaluated 
and  found  to  vary  considerably  with  balance  meter 
reading.  An  electrostatic  actuator  was  used  to 
obtain  both  the  steady  state  response  of  the  trans¬ 
ducer  as  well  as  the  rise  time  and  overshoot 
characteristic  to  a  step  function.  Finally, 
utilizing  the  electrostatic  actuator  system,  the 
Photocon  t'j.  sducer  response  to  an  ideal  N-wave 
was  obtained. 

IT-9 

INVESTIGATION  OF  THE  CALIBRATION  OF  MICROPHONES  FOR 

SONIC  BOOM  MEASUREMENT 

J,  J.  Van  Houter.  and  R.  Brown 

NASA  CR-1075,  i?S8 


The  purpose  of  the  investigation  described  in 
this  paper  was  to  provide  NASA  with  the  tools 
necessary  for  the  precise  calibration  of  micro¬ 
phones  to  be  used  for  sonic  boom  measurement. 

The  calibration  requirements  included  the  ability 
to  evaluate  the  sensitivity  of  the  transducer, 
its  linearity  over  the  range  of  pressures  of 
interest,  and  its  frequency  response  over  a 
bruad  rarge  from  infrasonic  pressures  extending 
through  the  audio  frequency  range.  Also  of 
interest  in  examining  the  capability  of  the  trans¬ 
ducer  for  a  given  transient  measurement  situation 
were  its  rise  time  and  overshoot  characteristics. 

It  was  found  that  all  of  these  requirements 
could  be  satisfied  by  the  use  of  two  devices:  an 
electrostatic  actuator  and  an  infrasonic  piston- 
phone  . 

The  electrostatic  actuator-  was  used  to  determine 
the  steady-state  frequency  response  character¬ 
istics  of  the  microphone  at  low  audio  frequencies 
to  well  above  20  KHz  and  sound  pressures  approach¬ 
ing  1  ib/ft2.  It  also  provided  a  method  of  sub¬ 
jecting  the  microphone  to  both  idealized  N-wave 
and  step  function  pressures  for  evaluation  of 
rise  time,  overshoot,  and  flat  top  response  char¬ 
acteristics.  The  electrostatic  actuator  applies 
an  electrostatic  pressure  to  the  microphone 
diaphragm  by  setting  up  an  electric  field  between 
the  parallel  plates  consisting  of  the  microphone 
diaphragm  and  the  actuator.  The  effective  sound 
pressure  on  the  diaphragm  is  the,-,  calculated  using 
Gauss'  Law.  The  upper  limit  of  achievable  pres¬ 
sure  was  found  to  be  about  1  psf  due  to  the  fact 
that  the  stronger  electric  fields  necessary  to 
induce  higher  pressures  resulted  in  voltage 
breakdown  caused  by  arcing  across  the  plates. 

The  infrasonic  pistonphone  was  used  to  establish 
microphone  sensitivity,  linearity,  and  low  fre¬ 
quency  response  charac ter i Stic -  in  the  frequency 
range  from  0.01  to  10  Hz.  The  pistonphone  gen¬ 
erates  an  altering  pressure  above  the  uiibient  in 
a  closed  chamber  by  the  sinusoidal  motion  of  the 
piston.  Since  the  dimensions  of  the  chamber  and 
the  displacement  a.id  diameter  of  the  piston  are 
known,  the  pi .ssure  level  can  be  calculated 
very  accurately. 

This  is  an  excellent  discussion  of  microphone 
calibration  techniques. 

IT-10 

EFFECT  OF  GROUND  REFLECTIVE  AND  OTHER  MICROPHONE 

MOUNTING  CONDITIONS  ON  SONIC  BOOM  MEASUREMENTS 

Maniio  Abele,  Roger  Tomboulian,  William  Pescbke,  and 

Daniel  Dantuono 

Federal  A* ration  Administration,  Report  No.  FAA-N0-70-4, 

Ray  1970 

This  report  presents  the  results  of  an  investiga¬ 
tion  into  the  effects  of  various  ground  surfaces  on 
the  characteristics  of  a  reflected  N-wave.  The 
effect  of  microphone  height  and  wave  incidence 
angle  with  respect  to  both  a  rigid  surface  and 
several  ground  surfaces  was  evaluated  in  the  GASL 
sonic  boom  simulator  (see  capsule  summary  CH-11). 

The  ground  surfaces  tested  included  asphalt, 
coarse  aggregate,  medium  density  grass,  spaded 
soil  arid  several  others.  Also  included  in  the 
investigation  was  an  evaluation  of  the  electrical- 
acoustical  free  field  characteristics  of  FAA- 
suppiied  microphones  as  referenced  to  a  standard 
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microphone  over  the  range  of  frequencies  from 
.01  to  10,000  Hz. 

The  following  conclusions  were  reached  concerning 
the  effects  of  microphone  height,  wave  incidence 
angle,  and  ground  surface  on  the  characteristics 
of  the  reflected  wave. 

1.  The  main  effect  of  varying  the  microphone 
height  above  the  ground  surface  was  an 
alteration  of  the  time  interval  between  the 
arrival  of  an  incident  wave  at  the  micro¬ 
phone  location  and  the  reflection  of  the 
wave  from  the  ground  surface. 

2.  Placement  of  the  microphone  outside  the 
zona  of  influence  defined  by  an  angle  equal 
to  twice  the  wave  incidence  angle  resulted 
in  data  exhibiting  some  distortion  of  the 
wavefront. 

3.  varying  the  incident  wave  angle  resulted 
in  only  minor  changes  in  reflected  wave 
amplitude  for  the  configuration  tested. 

4.  The  results  of  the  ground  surface  tests  in¬ 
dicated  a  5-1  spread  in  reflectivity  of  the 
samples  tested.  The  ratio  of  refiected-to- 
incident  wave  amplitude  for  each  of  the  mater¬ 
ials  tested  was  as  follows*,  dry,  spaded  soil  - 
.22;  sod  on  sod  -  .22;  plywood  on  sod  -  .S55f 
sparse  grass  -  .22;  gravel  -  .445;  asphalt  on 
gravel  -  .445,  and  fiberglass  blanket  on 
asphalt  -  .11. 

This  was  a  significant  investigation  in  that  it  was 
the  first  to  deal  specifically  with  the  effects  of 
microphone  height,  wave  incidence  angle,  and  ground 
surface  characteristics  on  the  measured  waveform. 

IT-11 

SONIC-BOOM  WaND-TUNNEL  TESTING  TECHNIQUES  At  HIGH 
MACH  NUMBERS 

Odell  A.  Morris  and  David  S.  Miller 
A IRA  Paper  No.  71-280,  Presented  at  AIAA  6th 
Aerodynamic  Testing  Conference,  Albuquerque,  New 
Mexico,  March  10-12,  1971 


The  flow  inclination  angles  were  determined  using 
the  hemispherical  differential  pressure  yaw  meter 
shown  in  the  figure  below ,  which  was  taken  from 
this  paper.  The  pressure  probe  had  a  diameter  of 
3.5  mm.  Pour  static  pressure  orifices  were  located 
circumferentially  90°  apart  on  the  hemispherical 
surface,  and  four  on  the  cylindrical  surface.  A 
pitot-pressure  orifice  was  located  at  the  probe 
apex.  The  static  pressure  orifice  diameters  were 
0.S  mm  and  the  pitot-pressure  orifice  diameter  was 
l.C  mm. 


4*3  mm 

zrrm 


4*6  mm 


fresstire  yaw  meter 


The  model  was  mounted  on  a  sting  and  could  bo  moved 
back  and  forth  (400  mm) ,  making  possible  a  complete 
survey  of  the  flow  field  along  a  line  parallel  to 
the  flow  direction.  The  pressure  probe  was  mounted 
fixed  on  the  top  wall. 

The  free  stream  properties  wore  considered  accurate 
within  the  following  limits*.  +0.01  for  M»  and  +0.1 
percent  for  pt  m  (total  pressure) .  The  precision 
with  which  local  flow  quantities  (for  «  3.0) 
could  be  determined  was  estimated  to  be  +0.07  for 
Mlf  H.O  percent  for  Pt;1  and  ♦o.lo1'  for~the  down- 
wash  angle  e,  where  Mj  is  the  local  Mach  number 
(ahead  of  shock  vave  at  probe  apex)  and  pt,l  is  tl't* 
local  total  pressure. 


Tins  p aper  is  exactly  the  same  as  the  one  covered 
in  capsule  summary  IT-13.  The  reader  is  referred 
to  th  t  capsule  summary  for  details  of  this  work. 

IT-12 

A  NEW  METHOD  FOR  DETERMINING  SONIC  BOOM  STRENGTH 
FROM  NEAR-FIELD  MEASUREMENTS 

M.  Landahl,  I.  Rhyming,  H.  Sorensen,  and  G.  Drougge 
NASA  SP-255,  Third  Conference  on  Sonic  Boom  Research, 
197,.,  pp.  285-295 

This  paper  presents  a  method  of  determining  the 
F-function  of  a  body  based  on  accurate  wind- 
tunnel  measurements  of  the  flow  inclination  angles 
along  a  cylindrical  su -face  surrounding  the  wind 
tunnel  model.-  Using  equations  developed  in  another 
paper  (see  capsule  summary  G-61)  the  measured  down- 
wash  angles  and  azimuthal  deflection  angles  can  be 
used  to  determine  the  velocity  perturbations  and 
velocity  potential  to  seconc  order.  Knowing  these 
quantities,  the  F-function  cun  then  be  calculated. 

The  theory  will  not  be  treated  in  depth  here,  since 
this  capsule  summary  deal;  pacifically  with  the 
instrumentation  tetnniques  used  in  this  procedure. 
For  a  discussion  of  the  theorj , tsee  capsul*  sum¬ 
maries  0»~61  and  G-62)  . 


This  method  was  a  significant  advancement  over 
previous  wind  tunnel  techniques,  in  that  it  allowed 
a  second  order  determination  of  the  F-function,  in 
contrast  to  previous  methods  which  made  no  cor¬ 
rections  for  the  nonlinear  effects  occurring  in  the 
near-field  of  the  model. 

IT- 13 

SONIC  BOOM  WIND-TUNNEL  TESTING  AT  HIGH  MACH  NUMBERS 
Odell  A.  Morris  and  David  S.  Miller 
Journal  of  Aircraft,  Vo!  9,  No.  9,  September  1972, 
pp.  664-667 

This  paper  discusses  some  of  t  i  problems  encoun¬ 
tered  and  testing  techniques  esyloyed  in  measuring 
sonic  boom  overpressures  in  the  Mach  number  range 
between  2.3  and  4,63,  It  was  found  that  the  prob¬ 
lems  encountered  in  testing  at  the  lower  super¬ 
sonic  Mach  numbers,  such  as  the  presence  of  tunnel 
flow  nonuniformities,  probe  and  model  vibration, 
and  the  boundary  layer  on  the  measuring  probe  were 
enhanced  at  the  higher  Mach  numbers.  However,  em¬ 
ploying  the  same  techniques  used  at  the  lower  super¬ 
sonic  Mach  numbers  (sec  capsule  summary  XT-6)  solved 
those  problems. 


m 


The  most  significant  new  problem  encountered  was 
concerned  with  interference  from  the  model  mounting 
strut  and  the  angle  of  attack  mechanism.  The  equip¬ 
ment  which  provided  interference-free  measurements 
of  sonic  boom  signatures  in  the  lower  Mach  number 
range  produced  interference  pressures  at  high  Mach 
numbers  that  tended  to  blanket  out  a  large  portion 
of  the  model  signature.  This  problem  was  overcome 
by  using  an  offset  strut  to  separate  the  model 
signature  from  the  pressure  field  produced  by  the 
angle  of  attack  mechanism.  The  strut  cross- 
sectional  area  in  the  region  of  the  sting-strut 
mount  was  reduced  as  much  as  possible  to  prevent  a 
strong  strut-produced  shock  wave  from  merging  with 
the  pressure  field  generated  by  the  model. 

A  subject  mentioned  in  the  earlier  paper  by  Carlson 
and  Morris  (see  capsule  sumnary  IT-6) ,  the  use  of 
a  miniature  one-component  strain-gage  balance  for 
measuring  model  lift,  is  covered  ir.  much  more  depth 
in  the  present  paper. 

This  is  a  good  summary  of  the  state  of  the  art  of 
sonic  boom  wind  tunnel  testing  techniques  as  of 
1971. 

IT-14 

REPORT  ON'  THE  SONIC  BOOM  PHENOMENON,  THE  RANGES 
OF  SONIC  BOOM  VALUES  LIKELY  TO  BE  PRODUCED  BY 
PLANNED  SST'S,  AND  THE  EFFECTS  OF  SONIC  BOOMS 
ON  HUMANS,  PROPERTY,  ANIMALS,  AND  TERRAIN. 

Attachment  A  of  ICAO  Document  8894,  SBP/II,  Report 
of  the  Second  Meeting  of  the  Sonic  Boom  Panel, 

Montreal,  October  12  to  21,  1970. 

This  report  is  composed  of  six  chapters,  each 
dealing  with  a  certain  aspect  of  sonic  boom 
phenomena.  The  present  capsule  summary  sum¬ 
marizes  only  Appendix  B  of  Chapter  1,  entitled 
"Measurement  of  Physical  Properties  of  Sonic 
Boom."  Thf  method  detailed  provides  for  the 
measurement  and  description  of  sonic  boom 
signatures. 

The  following  are  some  of  the  requirements  given 
for  the  equipment  used  In  the  measuring  system: 

1.  The  measuring  chain  shall  have  an  overall 
free-field  frequency  response  over  the 
range  of  at  least  from  0.1  Hz  to  5000  Hz, 
which  shall  be  flat  wiihin  +  2  dB.  Exten¬ 
sion  of  the  frequency  range  to  0.01  Hz 
and/or  to  10,000  Hz  is  advisable  depending 
on  the  signature  duration  and  the  need  for 
information  about  the  acoustic  energy 
over  this  total  bandwidth. 

2.  The  sensitivity  of  the  microphone  system 
above  the  frequency  range  of  interest 
shall  have  a  smooth  roll-off  In  order  to 
restrict  overshoot  distortion  in  the  re¬ 
cording  of  aoni  booms  with  short  rise  time. 

3.  For  most  applications  a  dimension  not 
exceeding  20  ns  is  recorasended  for  the 
sensitive  surface  of  the  microphone , 

4.  The  variations  of  the  sensitivity  of  the 
microphone  due  to  environmental  conditions 
shall  be  corrected  in  such  a  way  that 

the  resulting  sensitivity  is  within  +  0.3 
dB  of  the  calibration  value. 


5.  The  dynamic  range  of  the  recorder  shall 

be  *1  least  45  dB,  under  the  condition  that 
the  total  harmonic  distortion  is  less  than 
IX  measured  at  1000  Hz. 

6.  For  recording  sonic  booms  over  a  long  etiod 
specially  designed  data  recorders  should  he 
used  since  conventional  recording  systems 
are  limited  in  operation  for  this  purpose. 

The  recorder  should  Include  the  capability 
for  unattended  operation  and  instantaneous 
response  to  transients. 

7.  For  initial  evaluation  of  the  sonic  boom 
pressure  signature  the  signal  may  be  dis¬ 
played  on  an  oscilloscope.  For  detailed 
analysis  other  display  devices  such  as 
digital  read-out  or  a  precision  galvano¬ 
meter  may  be  necessary  depending  on  the 
accuracy  required. 

8.  The  result  of  a  frequency  analysis  shall 
be  given  in  the  form  of  either  a  spectral 
density  function  or  frequency  band  spectrum. 

9.  The  following  datum  ground  conditions  are 
given:  (a)  conditions  of  an  open  space 
that  is  essentially  free  from  local  undula¬ 
tions,  and  obstructions  that  in  rccal  sub¬ 
tend  a  solid  angle  of  more  than  0.004 
steradians;  (b)  there  shall  be  a  hard 
surface  surrounding  the  measurement  point, 
in  the  form  of  a  securely  fixed  rigid  plane 
baffle  in  intimate  contact  with  the  ground. 
The  baffle  should  be  preferably  not  less 
than  1.5  n  In  diameter. 

10.  Datum  free  field  conditions  are  obtained 
whan  the  obstructions  in  the  upper  half¬ 
space  subtend  a  solid  angle  of  less  than 
0.004  steradians  and  when  the  microphone 
can  be  mounted  at  a  sufficient  height. 

11.  The  microphone  shall  be  mounted  with  its 
axis  perpendicular  to  the  ground  with  its 
sensitive  surface  facing  upwards  and  flush 
with  a  hard  surface  at  ground  level.  All 
voids  and  cavities  between  the  microphone 
and  the  baffle  shall  be  filled  with  a  suit¬ 
able  sound  absorbing  material. 

12.  Freedom  from  extraneous  signals  shall  be 
obtained.  A  shield  may  be  necessary  in 
order  to  reduce  the  effects  of  wind  on  the 
microphone  or  to  protect  it  from  rain  and 
dirt.  Such  a  shield  shall  be  designed  so 
that  the  response  of  the  microphone  is  not 
significantly  affected.  The  microphone 
shall  be  adequately  shock-mounted  to  reduce 
vibrations  transmitted  through  the  mountings. 

The  specifications  given  in  this  report  for  the 
equipment  characteristics  required  to  adequately 
measure  sonic  booms  are  the  most  extensive, 
complete,  and  up-to-date  available. 
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1 1 .0  UNSUCCESSFUL  CONCEPTS 


Preceding  pigs  blank 
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UC-i 

A  BOOKLESS  WI!K  CONFIGURATION 
E.  L.  Resler,  Jr. 

NASA  SP-147,  Sonic  Boom  Research,  1967,  pp.  109-113 

In  this  paper  an  aerodynamic  configuration  designed 
to  achieve  lift  with  no  boom  by  affecting  only  air 
above  the  wing  is  discussed.  The  figure  below, 
which  was  taken  from  this  paper,  shows  the  airfoil 
configuration.  The  configuration  was  designed  to 
reflect  all  waves  upward. 


Using  a  first-order  theory,  it  is  shown  that  the 
configuration  gives  a  second  order  lift.  However, 
the  configuration  dees  not  result  in  lift  using 
any  higher  order  theory.  The  reason  is  shown  to 
be  due  to  the  asymetry  of  the  irve  for  pressure  p 
versus  PranJtl  -  Meyer  function,  v .  combined  with 
the  asymmetry  of  the  configuration  -  a  compression 
followed  by  a  compression  and  a  single  expansion. 


In  the  second  experiment  a  charged  body  of  revolu¬ 
tion  was  tested  in  a  five-inch  supersonic  wind 
tunnel  at  a  MaCh  number  of  about  2.75.  Some  tests 
indicated  a  very  sligl  t  increase  in  the  shock 
thickness.  However,  due  to  the  leakage  of  current 
from  the  nose  of  the  model  to  the  tunnel  walls,  it 
was  not  possible  to  create  an  isolated  body  of 
charged  air  around  the  model  nose,  and  no  conclusive 
results  were  obtained. 

The  final  experiment  discussed  also  used  the  hydrau¬ 
lic  analogy.  In  this  experiment  a  two  dimensional 
ellipse  charged  with  30,000  volts  was  immersed  in  a 
flow  of  transformer  oil.  It  was  found  that  when 
the  ellipse  was  charged,  the  bow  shock  became 
several  shocks  of  lesser  intensity  and  spread  over  a 
'arger  region  than  when  the  ellipae  was  not  charged. 

An  extensive  analysis  of  the  feasibility  of  the 
concept  proposed  here  was  -made  in  a  later  paper  by 
Cheng  and  Goldburg  (see  capsule  summary  UC-4) ,  They 
found  that,  using  this  scheme,  a  10%  reduction  of 
the  boom  intensity  of  an  SST  would  require  on  the 
order  of  thousands  of  megawatts  of  electric  power. 
Millions  of  pounds  of  electrical  equipment  would  be 
required  to  generate  this  electricity.  More  im¬ 
portantly,  however,  they  found  that  the  scheme  pro¬ 
posed  here  is  unsound  in  concept  as  well,  in  that, 
ir stead  of  the  presumed  weak  aerodynamic  interaction, 
a  strong  interaction  would  actually  take  place. 

This  would  result  in  a  blunt-body  effect  and  a  de¬ 
tached  bow  wave,  which,  in  turn,  would  result  in 
increased  drag  and  increased  boom  intensity. 

UC-3 

AERODYNAMIC  CONFIGURATIONS  YIELDING  LIFT  WITHOUT  SONIC 

BOOK 

Robert  K.  Porter 

Journal  of  Aircraft,  Vol.  5,  Ho.  6,  Dec.  1968. 


Even  though  the  scheme  presented  here  is  not  suc¬ 
cessful,  the  approach  and  discussion  are  instructive, 
which  was  the. author's  purpose  in  presenting  it. 

In  a  later  paper  (see  capsule  summary  M-34)  Resier 
proposed  "processing"  the  air  between  the  plates 
in  order  to  obtain  lift. 

UC-2 

ELECTROAERODYNAMICS  IN  SUPERSONIC  FLOW 
M.  s.  Car.n  and  G.  M.  Andrew 

AIAA  Paper  no.  68-24,  Presented  at  AIAA  6th  Aerospace 
Sciences  Meeting,  Hew  York,  New  York,  January  22-24, 
1969 

This  paper  presents  the  results  of  an  investi¬ 
gation  into  the  possibility  of  reducing  sonic  boom 
strength  by  the  use  of  electrostatic  fields.  Tne 
basic  idea  consisted  of  applying  a  very  high  elec¬ 
trostatic  potential  to  the  forward  portion  of  a 
supersonic  airplane.  Oncoming  air  of  the  same 
charge  as  this  potential  would  be  repelled  and 
thereby  warned  of  the  presence  of  the  obstacle. 

The  path  of  the  air  molecules  around  the  airplane 
could  thus  be  changed  more  smoothly,  thereby  making 
the  discontinuity  at  the  shock  weaker. 

:?-jrr experiments  were  carried  out  to  study  the 
efiects  of  electrostatic  fields  on  a  charged  flow 
of  :I,,d  about  a  body.  The  first  was  a  hydraulic 
analogy  test  in  which  a  charged  rod  was  inserted 
into  s.  flowing  l.quid.  If  was  found  that,  start¬ 
ing  a?  .bout  2,000  volts  and  roughly  proportional 
tc.  the  voltage,  a  continuous  spreading  of  the  shock 
pattern  resulted. 


This  short  note  deala  with  the  reduction  of  the 
sonic  boom  due  to  lift.  The  technique  suggested 
here  is  to  design  a  wing  which  develops  lift  by  low 
pressure  on  its  upper  surface  but  does  not  disturb 
the  flow  over  its  lower  surface.  Discussion  is  re¬ 
stricted  to  two-dimensional ,  frictionless  flow. 

The  figure  below  illustrates  the  type  of  wing  which 
is  proposed.  The  pressure  on  the  upper  surface  of 
the  wing  is  lower  than  the  freestream  pressure  p“, 
while  the  pressure  on  the  lower  surface  is  equal  to 
the  freestream  pressure.  The  internal  flow  it 
processed  ir,  such  a  way  that  it  exhausts  at  the 
freestream  pressure  and  through  an  exit  With  area 
Jess  than  the  inlet  area.  The  matching  of  pres¬ 
sure  prevents  interaction  with  the  freestream. 
Whether  or  not  thrust  is  produced  depends  on  the 
internal  process. 


Schemata  of  xlenK  U fling,  b<rjm-frt€  ajnf^uratkm 
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In  order  to  evaluate  the  performance  of  such  a 
device,  a  special  case  is  considered  where  there  is 
taro  exit  area,  all  internal  flow  being  absorbed. 

It  is  shown  that,  because  of  the  reliance  on  suction 
alone,  the  lift  at  a  snail  angle  of  attack  would 
bs  about  half  that  of  a  flat  plate.  It  is  found 
that  the  lift-drag  ratio  is  about  one  order  of 
magnitude  smaller,  at  angle  9  of  optimal  lift  of 
the  present  device,  than  for  the  fiat  plate  at  the 
same  angle  of  attack.  This  is  due  to  the  absorption 
of  mass  and  the  reaction  to  its  momentum.  It  is 
pointed  out  that  the  absorption  of  such  large  flow 
rates  obviously  makes  the  configuration  impractical 
with  known  technology.  In  the  more  general  device, 
where  the  exit  area  is  not  zero,  alteration  of 
ttergy  could  be  substituted  for  the  mass  sink  of 
*i.e  present  example.  The  amount  of  drag  would  then 
d.tjend  on  the  internal  process. 

7?  is  concluded  that,  although  it  does  not  seem 
entirely  possible  to  olisunate  the  sonic  boom  be¬ 
cause  of  wake  and  end  effects,  the  contribution 
due  to  lift  can  be  eliminated. 

Resltr  proposed  a  similar  concept  (see  capsule 
suatmaiy  M-6I)  at  about  the  same  time  the  present 
scheme  was  proposed. 

UC-4 

AN  ANALYSIS  Of  THE  POSSIBILITY  OF  REDUCTION  OF  SONIC 

BOOM  BY  ELECTRO-AERODYNAMIC  DEVICES 

Sin-I  Cheng  and  Arnold  Goldburg 

AIAA  Paper  No.  69-38,  Presneted  at  AIAA  7th  Aero¬ 
space  Sciences  Meeting,  New  York,  New  York, 

January  70-22,  1969 

This  pacer  presents  a  theoretical  evaluation  of  / 
the  re-  .lity  of  reducing  sonic  boom  by  electro- 
aerodynamic  schemes  (see  capsule  summary  \K~2) . 

A  one  dimensional  model  is  used  to  analyze  the 
interaction  of  ions  and  electrons  of  an  electric 
discharge  with  neutral  particles  in  moving  air. 

A  simple  expression  is  given  for  the  change  of 
total  stream  thrust  (pecu‘'»  less  the  electric 
pressure  E2/8-l  due  to  the  electric  wind  mech¬ 
anism,  and  a  calculation  of  the  power  required  to 
maintain  the  discharge  is  made.  It  is  found  that 
the  specific  power  requirement  of  the  proposed 
eleotrcaerodvnamic  devices  for  deflecting  the  on¬ 
coming  air  of  the  supersonic  transport  is  cf  the 
order  of  1/2  meqawatt/pound  force. 

It  is  concluded  that  a  10»  reduction  of  the  boom 
intensity  of  a  supersonic  transport  would  require 
on  the  order  of  thousands  of  megawatts  u.  electric 
power.  At  the  present  technology  level  for  power 
equipment  of  4  to  5  pounds  per  kilowatt,  electric¬ 
al  equipment  on  the  order  of  millions  of  pounds 
would  be  required. 

In  addition  to  the  prohibitive  power  requirements, 
it  was  also  found  that  the  electro-aerodynamic 
schemes  are  unsound  in  concept  as  well,  in  that 
the*  iresumption  of  weak  aerodynamic  interaction 
canno.  be  achieved  due  to  the  requirement  of 
spatial  continuity  of  fluid  properties  at  the 
centerline  in  the  absence  of  solid  boundaries. 

Under  the  actual  strong  interaction,  a  detached 
bow  wave  results,  which  results  in  both  increased 
drag  and  increased  boom. 

Miller  and  Carlson  also  made  a  feasibility  study  of 
the  use  of  force-field*  to  reduce  sonic  boom  (see 
capsule  summary  UC-B1 .  Their  analysis  was  not  a* 


rigorous  as  that  of  the  present  paper.  However, 
they  arrived  at  essentially  the  same  conclusions. 

UC-5 

AN  ANALYSIS  OF  DEVICES  FOR  REDUCING  SONIC  BOOM 
Sin  I.  Cheng  and  Arnold  Goldburg 

AGARD  Conference  Proceedings  No.  42,  Aircraft  E.igine 
Noise  and  Sonic  Boom,  May  1969,  pp,  6-1  thru  6-11 

This  paper  is  essentially  the  same  as  the  one 
described  in  capsule  susaary  UC-4.  The  reader 
is  referred  to  that  capsule  summary  for  details. 

UC-6 

REDUCTION  OF  SHOCK  WAVE  STRENGTH  BY  MEANS  OF  NON- 
UNIFORM  FLOW 

Scott  Rethorst,  Morton  Alperin,  Hi*  1m  Behrens, 
and  Toshio  Fujita 

Air  Force  Flight  Dynamics  Laboratory,  Technical 
Report  AFFDL-TR-69-62,  Part  I,  July  1969 

This  report  presents  the  results  of  a  preliminary 
study  conducted  to  investigate  the  feasibility 
of  utilizing  nonunifora  flow  mechanisms  to  (1)  im¬ 
prove  supersonic  aircraft  performance  by  essen¬ 
tially  eliminating  dissipative  shock  losses,  and 
(2)  alleviate  the  sonic  boom  associated  with  shock 
wave  propagation.  The  effort  was  directed  toward 
defining  a  wind  tunnel  model  configuration  em¬ 
ploying  a  simple  nonuniform  flow  generated  by 
integrating  the  propulsive  and  lifting  elements  to 
reduce  shock  waves  emanating  fro*  the  system. 

The  arrangement  was  comprised  of  a  propulsive  unit 
located  ahead  at  the  lifting  surface  sc  that  the 
jet  issued  adjacent  to  the  concave  underside  of  the 
lifting  surface. 

The  central  idee  underlying  this  scheme  was  that 
the  shocks  due  to  lift  could  be  eliminated  by  an 
ordered  non uniform  external  flow  along  the  under¬ 
side  of  "he  wing.  It  was  hypothesized  that  such  a 
flow  would  bring  about  the  thermodynamic  changes  in 
the  flow  necessary  to  satisfy  boundary  constraints 
and  thus  eliminate  the  shock  wave  which  would 
normally  be  required  to  bring  about  these  changes. 

A  wind  tunnel  test  plan  was  developed  to  investigate 
and  confirm  the  analytical  findings-  The  results 
of  the  test  are  covered  in  Part  II  of  this  report 
(see  capsule  summary  UC-7) . 

The  results  of  an  Independent  analysis  of  the 
present  study  were  reported  by  Weeks  in  the  paper 
summarized  in  capsule  summary  UC-10.  That  analysis 
showed  the  present  scheme  to  be  "without  significant 
merit." 

UC-7 

REDUCTION  OF  SHOCK  WAVE  STRENGTH  BY  MEANS  OF  NON- 
UNIFORM  FLOW 

Scott  Rethorst,  Morton  Alperin,  and  Toshio  Fujita 
Air  Force  Flight  Dynamics  Laboratory,  Technical 
Report  AFFDL-TR-69-62,  Part  II,  July  1969 

This  is  Part  II  of  a  two-part  report.  See  capsule 
nummary  UC-6  for  a  discussion  of  Part  I.  The 
Part  II  effort  carried  out  the  planned  wind  tunnel 
tests  and  developed  what  the  authors  claimed  was  an 
improved  analytical  method  for  prediction  of  tar- 
field  shock  characteristics  from  the  wind  tunnel 
data.  The  wind  tunnel  tests  included  several  sim¬ 
ple  configurations  to  investigate  the  validity  of 


an 


the  basic  no  mini fora  shock  attenuation  mechanise. 

The  analytical  work  included  developeent  of  a 
"second  order"  theory  for  prediction  of  far-field 
shock  intensities  iron  the  near  field  and  surface 
pressures  measured  in  the  test. 

The  wind  tunnel  results,  after  being  extrapolated 
to  the  far  field  using  the  theory  developed  in  this 
report,  showed  shock  attenuations  on  the  order  of 
30%  to  distances  in  excsss  of  1COO  chord  lengths 
of  the  lifting  surface. 

An  independent  analysis  was  Bade  of  this  study  (see 
capsule  summary  UC-10) ,  and  the  results  of  that 
analysis  showed  thst,  even  under  the  cost  favorable 
conditions,  the  reduction  in  stock  strength  could 
not  exceed  9%,  in  contrast  to  the  30%  reduction 
found  here.  Furthermore,  that  analysis  showed 
that  the  "second  order"  theory  of  the  present  paper 
was  in  reality  a  first  order  theory. 

UC-3 

A  STUDY  OF  THE  APPLICATION  OF  HEAT  OR  FORCE  FIELDS 
TO  THE  SONIC-BOOK-MINIMIZATION  PROBLEM 
David  S.  Killer  and  Harry  W.  Carlson 
NASA  TN  D-55S2,  December  1969 

k  study  of  the  feasibility  of  proposed  sonic 
been  minimization  schemes  involving  the  use  of 
heat  or  force  fields  (see  capsule  summary  UC-2, 
for  example)  is  presented  in  this  paper.  In  this 
study,  attainment  of  a  finite  rise-time  signature 
is  considered  to  be  the  objective.  The  analysis 
is  centered  upon  the  "phantom-tody"  shape  which 
would  be  defined  by  the  altered  flow  field  stream¬ 
lines  resulting  from  the  heat  or  force  fields.  The 
study  is  concerned  with  the  considerations  dictat¬ 
ing  the  required  phantom-body  shape,  the  variation 
in  flow  properties  within  the  phantom-body,  and 
the  distribution  and  magnitude  of  the  power  required 
to  divert  the  flow  and  create  the  phantom -body. 
Or.e-dimer.sionai  channel  flew  equations  are  used  in 
the  solution  for  the  phantom-body  character 1st  . 

and  no  consideration  is  given  to  the  ultimate  source 
of  the  heat  cr  force  field  or  the  site,  weight,  and 
efficiency  of  the  generating  equipment. 

The  following  conclusions  were  reached  as  a  result 
of  this  investigation: 

1.  The  treatment  of  an  illustrative  example  for 
a  proposed  supersonic  transport  configuration 
at  a  cruise  Hacn  number  of  2.7  indicated  that, 
suoject  to  the  simplifying  assimsptiong  made 

in  the  study,  finite  rise-tuse  signature*  are 
theoretically  obtainable  but  require  the 
creation  of  a  carefn'ly  controlled  heat  c-r 
force  field  extending  several  airplane  lengths 
ahead  of  and  behind  the  airplane  itself.  A 
complicating  factor  is  the  not  insignificant 
variation  of  the  flow  properties  within  the 
phantom  body  which  alters  the  airplane  aero¬ 
dynamic  performance. 

2.  Under  the  si/Jplifving  assumptions  of  this 
study,  and  for  idealised  conditions  with 
weightless  power  generation  equipment  and 
no  energy  dissipation,  a  pw,wcr  expenditure 
roughiy  equivalent  to  twice  that  necessary 

to  sustain  the  airplane  m  steady  level  flight 
would  be  necessary  to  craate  the  heat  or  force 
field  ahead  of  the  airplane. 


3.  It  was  also  discovered  that  not  only  must  some 
sunt  be  found  to  deliver  continuously  large 
quantities  at  power  to  the  air  in  the  proper 
Banner,  but  Beans  oust  also  be  provided  to 
extract  power  from  the  air  in  a  prescribed 
Banner. 

Cheng  and  Goldfcurg  (see  capsule  susmary  UC-4J  also 
nade  a  feasibility  study  of  electro-aerodynamic 
devices.  Although  their  analysis  was  more  rigorous 
than  that  of  the  present  investigation,  they  arrived 
at  essentially  the  same  conclusions. 

Batdorf  (see  capsule  sum ary  UC-11)  proposed  a  heat 
addition  scheme  in  which  external  burning  of  fuel 
wDuld  be  used.  He  found  that,  theoretically,  the 
rise  time  of  the  front  shock  could  be  increased  to 
10  msec  by  external  burning  of  fuel  at  a  rate  equal 
to  20%  cf  the  fuel  consumption  rate  of  the  aircraft. 

0C-9 

scene  BOOH  MINIMIZATION  SCHEMES 

David  Siegeman 

Journal  of  Aircraft,  Vol.  7,  ho.  3,  June  1970, 

pp.  280-281. 

The  purpose  of  this  short  note  is  to  present  simple 
analytical  techniques  with  which  proposals  involving 
Bass  or  energy  addition  or  electro- aerodynamic 
schemes  may  be  evaluated  and  to  obtain  some  prelim¬ 
inary  results  concerning  their  feasibility.  The 
objective  of  the  proposed  schemes  (see  capsule  sum¬ 
maries  UC-2,  Uc-8,  and  UC-11)  is  to  create  a 
"phantom"  boundary  which  will  favorably  alter  the 
effective  area  distribution  of  a  given  airplane. 

The  effective  area  variation  required  of  the  ad¬ 
dition  scheme  is,  therefore,  the  difference  in 
effective  areas  between  the  phantom  aixi  actual 
bodies.  Assuming  that  this  distribution  has  been 
selected,  the  problem  becomes  one  of  relating  the 
required  area  growth  to  a  causal  mass  or  energy 
distribution.  Identifying  the  phantom  boundary  as 
the  "dividing  streamline"  for  cases  involving  mars 
injection  only,  the  mass  distribution  required  to 
produce  a  giver,  variation  in  area  urder  the  flight 
conditions  of  interest  are  determined  by  application 
of  the  results  of  slender  body  theory. 

The  analysis  of  energy  addition  schemes  is  more 
complex.  It  is  stated  that  the  model  adopted  should 
be  dependent  upon  the  proposed  Banner  m  which  the 
energy  is  to  be  added  (conduction,  convection, 
radiation).  The  problem  is  viewed  as  essentially  an 
inviscid  interaction  problem  m  which  the  flow  with¬ 
in  a  reference  stresmtube  tries  to  expand  in  area 
(due  to  heat  addition)  against  a  self-induced  re¬ 
tarding  pressure  gradient. 

Using  these  analytical  models,  the  mass  or  energy 
requirements  tc  suitably  rod.fy  the  effective  area 
distribution  of  a  simple  cor.e-cylmder-subsonic 
leading  edge  delta  wing  configuration  is  estimated. 

It  is  found  that  the  mass  flow  rate  is  about  the 
total  capability  of  the  SST  anginas.  For  a  heat 
addition  sch-cm  >.  it  is  found  that  a  power  lev.  i  of 
1/3  million  horsepower  is  required,  which  is  ap¬ 
proximately  70%  of  the  engine  capability.  It  is 
concluded  that  the  mass  and  energy  audition  schemes 
ate  probably  not  competitive  with  configurational 
changes  as  sonic  boon  minimisation  techniques. 

Similar  but  more  eytensive  analyses  of  this  topic 
were  made  by  Killer  and  Carlson  isoe  capsule  simi- 
snary  UC-8,'  and  by  Miller  (see  capsule  summary  uc-12). 
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UC-10 

CRITICAL  EVALUATION  OP  A  NONUNIFORM  FLOW  SONIC  BOOK 
REDUCTION  CONCEPT 
Or.  Thews  M.  Keeks 

Air  Force  Flight  Dynamics  Laboratory,  Technical 
Report 

AFFDL-TK-70-65,  September  1970 

This  report  presents  the  results  of  an  independent 
analysis  af  a  study  performed  by  Rethorst,  ct  al 
(see  capsule  summaries  UC-6  and  UC-7)  Involving 
sonic  boom  reduction  by  means  of  nonuni fora  flow 
and  to  check  the  approach  and  pertinent  results 
contained  in  their  final  report. 

It  is  shown  from  a  fundamental  standpoint  that  the 
Rethorst  concept  of  introducing  a  nonunifora  flow 
field  ahead  of  a  flat  plate  to  el  initiate  the  sonic 
boon  is  without  significant  merit.  The  delivery  of 
a  uniform  jet  flow  to  the  undersurface  of  an  in¬ 
clined  flat  plate  without  regard  to  the  practical 
internal  and  external  aerodynamic  consequences  of 
the  delivery  system  cannot  be  construed  as  an  attack 
on  the  sonic  boom  problem,  in  the  opinion  of  the 
author  of  the  present  paper.  What  has  been  analyzed 
is  a  two-dimensional  flew  interaction  problem  with 
attention  focused  primarily  on  the  strength  of  the 
emerging  shock  wave. 

The  analysts  of  this  problem  by  Rethorst,  et  al, 
was,  in  their  view,  second  order.  In  the  present 
report  it  is  shown  that,  on  the  contrary,  their 
analysis  was  formally  first  order  (linear).  Fur¬ 
thermore,  when  properly  modified  to  include  the 
correct  expression  for  downstream.  Mach  number, 
their  numerical  results  for  the  reference  plate 
coincided  with  those  obtained  in  thi.  present  paper. 

From  the  results  of  the  present  investigation  or 
from  the  corrected  Rethorst  results,  it  is  concluded 
that  at  1009  Chord  lengths  from  the  trailing  edge 
the  percent  relative  attenuation  of  the  shock  from 
the  jet -plate  model  compared  to  that  from  the  refer¬ 
ence  model  for  the  same  chord  and  lower  surface 
pressure  under  the  most  favorable  conditions  cannot 
exceed  9t  whereas  the  former  claimed  a  reduction 
Of  30%. 

UC-il 

ON  ALLEVIATION  OF  THE  SONIC  BOOM  BY  THERMAL  MEANS 
S.  B.  Batdorf 

A IAA  Paper  No.  70-1323,  Presented  at  AIM  7th  Annual 
Meeting  and  Technical  Display,  Houston,  Texas, 

October  19-22,  1970 

This  paper  presents  an  analysis  of  the  possibility 
of  achieving  a  finite-rise-time  sonic  boom  by 
heating  the  air  in  the  vicinity  of  the  aircraft. 

The  purpose  of  the  Heat  is  to  simulate  a  long  body, 
since  an  aircraft  length  of  at  least  850  feet  would 
be  required  to  produce  a  f inite-rise-time  signature. 
Tbs  heat  expands  the  stream  tube  surrounding  the 
body,  effectively  modifying  the  area  distribution 
of  the  body.  Through  proper  addition  of  the  heat 
it  is  proposed  that  the  aircraft  effective  length 
can  be  increased  and  its  effective  area  distri¬ 
bution  can  bo  modified  to  correspond  to  a  5/2  power 
body,  thus  resulting  ir.  a  fir.ite-ris«-tii«  pressure 
signature . 

Two  methods  cf  adding  .is  hea,  to  the  flow  are 
investigated — a  "thermal-spike"  and  a  "thermal- 


keel.*  The  ‘thermal-spike*  concept  is  based  upon 
the  addition  of  heat  in  the  regitr,  ahead  of  the 
airplane  by  such  means  as  the  radiant  energy  from 
a  laser  or  the  external  burning  of  jet  fuel,  the 
‘thermal-keel*  concept  is  based  upon  the  fact  that, 
within  the  framework  of  linear  theory,  a  point  on 
the  ground  experiences  a  pressure  disturbance  that 
is  independent  of  the  location  of  the  source  along 
ths  Mach  line.  Thus,  instead  of  generating  heat 
in  a  distributed  and  properly  tailored  fashion 
along  the  horizontal  axis,  the  heat  is  distributed 
along  a  vertical  axis  below  the  airplane  in  the 
proper  fashion.  It  is  concluded  that  the  heat  con¬ 
sumption  would  be  the  same  in  both  cases  if,  in  the 
process  of  creating  the  heat,  there  were  no  losses 
and  no  net  drag  or  thrust. 

A  calculation  of  the  required  power  showed  that  it 
would  be  about  60%  of  the  SST  cruise  power.  How¬ 
ever,  it  was  found  that  the  required  heat  could 
also  be  obtained  by  the  external  burning  of  fuel 
at  a  rate  amounting  to  a  little  less  than  20%  of 
the  cruise  rate  of  fuel  consuaption  of  the  SST. 

Miller  and  Carlson  (see  capsule  susnary  uc-8) 
also  investigated  the  use  of  beat  fields  to  obtain 
a  finite  rise  time  sonic  boom.  They  concluded  that 
a  power  expenditure  roughly  equivalent  to  twice  that 
necessary  to  sustain  the  airplane  in  steady,  level 
flight  would  be  required.  However,  as  pointed  out 
by  the  author  of  the  present  paper,  when  the  dif¬ 
fering  approaches  taken  ir.  each  of  the  two  investi¬ 
gations  is  taken  into  account,  no  sizable  dis¬ 
crepancies  remain  in  the  results  of  the  two  in¬ 
vestigations. 

It  is  also  pointed  out  in  the  present  paper  that 
the  results  of  Cheng  and  Goldburg  (see  capsule 
suraarv  UC-4),  which  were  widely  interpreted  as 
invalidating  any  nonmechanical  approach,  including 
the  use  of  heat,  for  the  avoidance  of  the  shock, 
only  apply  under  conditions  giving  rise  to  strong 
interaction,  and  not  under  the  weak  interaction  con¬ 
ditions  proposed  here. 

The  scheme  proposed  ir.  the  present  paper  has 
several  weaknesses: 

1.  No  method  is  given  for  controlling  thethermai 
area  precisely  enough  to  produce  the  X5^2  area 
variation  necessary  to  eliminate  the  front 
shock. 

2.  A  20%  increase  in  fuel  consumption  would  only 
increase  the  rise  time  of  the  front  shock— 
the  rear  shock  would  be  unaffected.  To  pro¬ 
duce  a  finite  rise  time  front  and  rear  shock 
would  require  approximately  a  59%  increase 

in  fuel  consumption. 

3.  The  entire  study  is  done  for  effects  under  the 
airplane,  to  check  is  rade  cf  the  effects 
produced  to  the  side  of  the  flight  path  on 
the  ground. 

UC-U 

STATUS  OF  RESEARCH  OH  BOOH  MINIMISATION  THROUGH 
AIRSTREAH  ALTERATION 
David  S.  Hiller 

NASA  SF-255,  Third  Conference  on  Sonic  Boom  Research, 
1971.  pp.  325-340 
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A  study  is  presented  in  this  pap er  of  the  potential 
benefits  to  be  gained,  the  problem  encountered,  and 
the  power  required  in  the  application  of  heat-field 
concepts  to  the  sonic  boom  Minimization  problem. 

The  theoretical  Method  employed  to  analyze  the  al¬ 
tered  Airstreas  flow  properties  and  to  estimate  the 
Heat  distribution  and  power  requirements  is  based 
on  the  assumption  that  the  flow  within  the  air- 
stream  can  be  treated  as  the  steady,  one-diaensional, 
inviscid  channel  flow  of  a  perfect  gas.  The  solu¬ 
tion  is  found  by  defining  the  channel  area  develop¬ 
ment,  establishing  boundary  conditions,  and  applying 
influence  coefficients  and  iterating. 

The  assumptions  included  in  this  analysis  are  that 
the  radial  and  azimuthal  variations  are  ignored, 
that  the  heat  transfer  from  the  airstreast  is  not 
considered,  that  the  interaction  of  the  air stream 
and  the  airplane  is  neglected,  and  that  the  shocks 
at  the  airplane  surface  are  assumed  to  be  weak. 

The  purpose  of  the  neat-field  is  to  create  a  "phantom 
body"  whose  area  development  completely  enve.opes 
the  airplane  area  development  and  produces  a  finite 
risa  time  signature.  The  required  total  area  devel¬ 
opment  has  a  5/2-power  variation  with  length  to 
prevent  bow  shock  formation.  Prevention  of  a  tail 
shock  is  accomplished  by  a  design  process  for  the 
remainder  of  the  phantom-body  area  development, 
which  involves  trial-and-error  application  of  a 
computing  program  solution  of  the  Whit hum  equations 
(see  capsule  sumary  0-3). 

To  assess  the  problems  to  be  encountered  in  prac¬ 
tical  application  of  the  concept,  an  illustrative 
example  for  a  representative  SST  configuration  at 
cruise  speed  was  treated.  In  order  tc  create  the 
proper  air stream  alterations,  it  was  found  that 
power  amounting  to  more  than  the  airplane’s  pro¬ 
pulsion  power  output  must  be  supplied  to  the 
forepart  sf  the  'airstream  and  by  some  unknown 
means  extracted  from  the  aft  part.  Significant 
variations  lr.  the  airstrear.  flow  properties  and 
large  grad let ts  in  the  heat  distribution  were  also 
encountered . 

it  was  found  that  the  thermal-fin  implementation  of 
the  p-iantom-body  concept  f  opc.sed  by  Batd.-’r.  (see 
capsule  summary  "C-li)  could  be  extended  to  prevent 
formation  of  both  the  bow  and  tail  shock  without  the 
necessity  of  seat  extraction;  however ,  airplane  re¬ 
shaping  as  we  1  as  thermal  fir.  heat  addition  15 
required.  For  a  typical  SST  at  cruise  sr’ed,  it  is 
estimated  that,  with  direct  burning,  the  bow  and 
tail  shock  elimination  could  be  accomplished  with 
SO  percent  additional  fuel. 


the  aircraft  that  could  improve  the  ground  sig¬ 
nature,  to  examine  the  technical  feasibility  and 
practicality  of  achieving  the  desired  flow  field 
Modifications,  and  to  include  a  realistic  assess¬ 
ment  of  the  aircraft  penalties  incurred  in  the 
implementation  of  these  various  schemes.  Finite 
rise  times,  reduced  overpressures,  or  ’  reduced 
shock  pressure  rises  were  among  the  signature  im¬ 
provements  investigated.  Flow  field  alteration 
mechanisms  considered  included  free  combustion, 
boundary  layer  mass  addition,  force-fields,  and 
laser-generated  heat  fields.  In  evaluating  these 
various  schemes,  linearized  theory  is  used  to  re¬ 
late  force,  heat,  and  mass  injection  terms  tc  an 
effective  area  distribution. 

The  following  conclusions  were  reached  as  a  result 
of  this  study: 

a.  Use  of  air  stream  alteration  schemes  to 
modify  a  complete  sonic  boom  signature 
Ci.e.,  complete  shock  elimination,  sub¬ 
stantial  shock  pressure  rise  reduction,  etc.) 
will  require  gross  weight  penalties  on  the 
order  of  100'  of  the  baseline  aircraft  weight 
and  thus  is  not  considered  practical. 

b.  A  precursor  signal  warning  of  the  arrival  cf 
the  sonic  boos  say  be  generated  through  air- 
stream  alteration  at  substantially  less  gross 
weight  penalty,  and  thus  may  be  a  practical 
scheme.  The  benefit  to  be  derived  from  such 
a  warning  oust  be  established  through  psycho¬ 
acoustic  studies  of  startle  phenomena. 

c.  The  weight  penalty  (to  the  baseline  aircraft) 
for  booa  alleviation  may  be  substantially  re¬ 
duced  through  the  concept  of  a  separate 
penalty  aircraft,  the  lift  distribution  of 
which  is  used  to  form  part  of  the  boom  al¬ 
leviation  affective  trea.  This  concept  ray 
be  extended  to  include  payload-carrying 
penalty  aircraft  or  two  SST's  flying  "in 
format  toe"  in  such  a  way  as  to  create  favor¬ 
able  signature  interference. 

This  paper  is  very  similar  to  an  earlier  paper  by 
Siegelmar,  (see  capsule  stmsary  .  Both  reach 

the  same  conclusion.,  regarding  the  various  exotic 
son.c  boom  minimization  schemes.  However,  the 
present  paper  treats  a  much  la r gar  number  ef  ex¬ 
amples  and  deals  with  the  subject  ii.  more  depth 
than  the  earlier  e-aper. 


Steqelaei-  «'»»«  capsule  succory  vC— 5}  also  presented 
ar  analysis  of  energy  or  mass  addition  sehemo,*.  His 
.end jstcr.  was  tnat  such  schemes  are  probably  not 
,o»pctitiv«  with  configurational  changes  as  sonic 
Oow  minimization  techniques. 


AH  MttL¥TJCAS  3T’“Y  OF  SC«E  POSSIBLE  S0*:1C  BOOK 
ALLEV it?, OH  SCHEMES 
ft.  w.  tipfert 

AlAA  Paper  *i.-.  72-$53,  Presetted  c •  AIAA  5th  Fluid 
and  i'laeaa  y  ...  ...  Confeier.ee,  Boston,  Mass., 


The  objective  of  the  p'osvnt  study  was  tc  consider 
all  identif labl»  s^a.ns  of  altering  tta  r : necr 
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SBA-l 

GROUND  MEASUREMENTS  OF  THE  SHOCK-WAVE  HOXSE  FROM 

AIRPLANES  IN  LEVEL.  FLIGHT  AT  MACK  NUMBERS  TO  1.4 

AND  AT  ALTITUDES  TO  45,000  FEET 

DoUmic  J.  Maglieri,  Ksrvcy  H.  Hubbard,  and 

Donald  L.  Lansing 

NASA  TW  D-43,  September  1959 

This  report  is  cors.errK.-d  mainly  with  sonic  boots 
propagation,  and  t or  a  sutaaary  of  these  results 
the  reader  is  referred  to  capsule  summary  P-20. 
The  present  capsule  susrary  is  concerned  only 
with  the  sonre  boon  eharacterisitcs  of  the  test 
airplanes  used  in  this  investigation. 

The  table  below,  which  was  taken  from  this 
report,  shows  the  measured  overpressures  and 
signature  lengths  at  various  altitudes  and  lateral 
distances  for  test  airplane  1,  which  was  an  F-101, 
and  at  one  altitude  and  lateral  location  for  test 
airplane  2,  which  was  an  F-100.  The  dashed  lines 
signify  that  no  sonic  bo  cm  sras  observed  or.  the 
giour.d  fer  that  particular  case.  The  signatures 
from  both  airplanes  were  simple  N -waves . 


Mrumrmt  gruuinj  > hnk  peak  mrnwenum 

A  co-par cior,  of  a  measured  and  calculated  pres¬ 
sure  signature  for  an  F-101  is  given  ir,  capsule 

sucKwiry  'BA'  i  i. 


S3A-2 

£0K1C  ROGH  THEORY  «SD  THE  5-SA 

l.  la*  Crosf o 

Cor.vair  Report  ?Jc.  FEA-4-40S,  April  28#  1961 


Ir.  this.  r^|iort  theory  (seo  capsule 

suc^stv  3-Cj  is  used  to  rake  &  detailed 
ivtic^l  evaluation  of  t he  bow  shocks  overpressure 
«*/•«  the  flight  tra^k  for  a  E-S6A  airplane  ir. 
stt  tjdy  fi  =  ~h*. .  The  results  are  then  "DJEpared  with 
eeawrwc  o^srpross-irfs.  Tnc  figure  bulcw  vh*ch 
«3r.  '  r  ^r.  f rr=T  this  paper  shows  the  ccn/uir  *  sor. 
betwr  #*i.  theory  and  measured  r^colts  , r  r'  -  I , S 
v-  :h»  care  for  which  the  most  data  was 
ivatiahK.  A;,  iooch  i-.ra  scatter  ir  as  wch 
■  -  ^  ’ -  *  s  -Jr.  oi  the  thcr-.re*  .cal  prediction, 

thy  A’.i  si  all  tor  t  . .  re  ■  r.vaj  ►>•»;  predicted 
leva'  “  .  «.;surt  a:  bo  seen  tc-  ;  fr  .. 

2  :: :  :0,..:>9  : t  ;-j  about.  1  psf  a? 

»a,CKiD  if,*. 


Another  illustration  of  the  variation  of  over¬ 
pressure  with  altitude  for  the  b-58  is  given  ir. 
capsule  sn unary  SBA-8.  For  a  sample  of  actual 
measured  pressure  signatures  of  the  B-58,  see 
capsule  summary  £BA-6. 

SBA-3 

MICROBAROGRAPH  MEASUREMENTS  AND  INTERPRETATIONS  CF 
B-58  SUNIC  BOOMS,  PROJECT  BIG  BOOM 
Jack  W.  Reed 

Sandia  Corporation  Research  Report  No.  SC-4634 (RR) , 
December,  1861 

In  the  investigation  discussed  ir,  this  paper 
pressure  signatures  were  recorded  at  ground  level 
from  seventeen  supersonic  flights  of  B-5S  baiters 
at  Indian  Springs,  Nevada,  using  alcrobarograph 
equipment.  The  measurements  shows  that  the  over¬ 
pressure  varied  from  about  1.5  psf  for  flight  at 
30,000  feet  and  M  *  1,5  to  about  0.5  psf  at  50,000 
feet,  also  for  M  *  1.5.  However,  the  measured 
pressure  signatures  were  of  very  poor  quality  due 
to  a  lack  of  adequate  high  frequency  response  in 
the  instrumentation. 

For  a  good  illustration  of  the  variation  of  over¬ 
pressure  with  altitude  for  the  B-55,  see  capsule 
3'iaoaiy  SBA-3 .  For  a  good  example  of  measured 
pressure  signatures  of  the  B-58,  see  capsule 
summary  SBA-6. 

SKA -4 

A  PRELIM! NARY  DATA  REPORT  ON  GROUND  PRESSURE  DIS¬ 
TURBANCES  PRODUCED  BY  THE  FAIRY  DELTA  2  IN  LEVEL 
SUPERSONIC  FLIGHT 
T.  A.  Holbeche 

Aeronautical  Research  Council  R  s  M  No.  3296,  1963 

This  report  presents  the  results  of  a  series  of 
measurements  of  the  sonic  booms  produced  by  a 
Fairy  Delta  2  ir.  straight  level  flight  in  the 
altitude  range  from  3,500  feet  to  30,000  feet 
at  Mach  numbers  up  to  about  i.S.  The  measured 
pressure  signatures  varied  in  shape,  but  were 
generally  of  the  N-wave  type,  overpressures 
varied  from  0,3  to  4.0  psf,  the  large  range 
being  due  to  the  fact  that  for  most  of  the 
measurements  the  airplane  was  either  acceler¬ 
ating  or  decelerating. 

The  quality  of  these  measurements  was  somewhat 
low  due  to  the  instrumentation  available  at  tne 
at  the  time  of  this  study. 

.vBA  -5 

LA LERA L-SFHEAD  SGKIC-DO®*.  (.ROUND -PRESSURE  MEASURE¬ 
MENTS  FROM  AIRPLANES  AT  ALTITUDES  TC  75,300  FEET  AID 
AT  KACH  NUMBERS  TO  2.0 

rsoscnir  J .  Maglieri,  Tony  Parrott,  David  A.  Milter., 
Ahu  Kuliam  L.  Ccpelar.d 
NASA  T5!  U -202 1 ,  196', 
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The  investigation  discussed  in  this  paper  is 
suresarized  in  capsule  suimaries  P-36  and  0-13. 

The  present  capsule  sumary  discusses  only  the 
results  concerning  the  sonic  boons  characteristics 
of  the  test  airplanes  used  in  this  investigation, 
which  were  an'F-104,  F-106,  and  a  B-58. 

The  sseasureoents  stow  that  the  strength  of  the  bow 
shock  overpressure  varies  fross  the  3-4  psf  range  at 
an  altitude  of  10.300  feet  to  the  0.5  -  1  psf  range  ^ 
at  an  altitude  of  43,200  feet  and  a  hash  nuefcer  oi 
1.44  for  the  F-104.  For  the  F-1C6  eaasureser.ts 
nade  at  an  altitude  of  41,0-30  feet  and  a  Mach 
masher  of  2.0  snowed  an  overpressure  under  the 
flight  track  of  about  1.2  pcf.  For  the  B-58,  the 
overpressure  under  the  flight  track  was  found  to 
vary  free  about  2.4  -  3.1  psf  for  flight  at  21,200 
feet  a nd  M  «  1.50  to  about  1.0  psf  at  an  altitude 
of  70. COO  feet  and  a  Mach  nunaer  of  1.7.  The  figure 
below,  which  was  taken  frees  this  paper,  shows  a 
typical  pressure  signature  for  a  B-58  at  an  altitude 
of  61,000  feet  and  a  Mach  masher  of  2.0. 


9»  ywy  Md 


B-SS  prrvittr  ligiwmnr 

A  good  illustration  of  the  variation  of  over¬ 
pressure  with  altitude  for  the  F-104  and  B-58  ia 
giver,  in  capsule  suneary  SBA-6.  Additional  sam¬ 
ples  of  cuesured  pi.ssure  signatures  fer  the  B-58 
are  giver,  in  capsule  sussary  SBA-6.  See  capsule 
suranaey  SEA- 12  for  exasples  of  F-104  pressure 
signatures. 

Sba-6 

GROUND  HEASUREMEHTS  OF  SONIC -BOOM  PRESSURES  FOR  THE 

ALTITUDE  RANGE  OF  10,000  to  75,000  FEET 

Karvey  H.  Hubbard,  Dosenic  J.  Kaglien,  Vera  rfuckcl , 

and  David  A.  Hilton 

NAFA  TP.  R-193,  July  1964 

The  investigation  presented  in  this  saner  is 
suEsMrised  in  capsule  susssary  G-23.  The  present 
capsule  suiavary  discusses  only  the  results  con¬ 
cerning  the  sonic  booss  characteristics  of  the  two 
test  aircraft  -  a  5-56  and  an  "-134. 

The  first  figure  he lew.  which  was  taken  from  this 
paper,  shows  the  sonic  boon  pressure  signatures 
resulting  iron  steady,  level  flight  cf  th6 
F-104  at  various  altitudes  and  Mach  r.usbers.  The 
signature  can  be  seer,  to  change  fross  the  near- 
field-type,  having  ar,  inters' <.-d late  shock  wave, 
for  flight  at  10,300  feet  and  H  -  1.24  to  a  Car- 
fleld  H-wave  for  flight  at  51, COO  f««t  and 

v  =  '  (9i  ( 


Altitude. 
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ANNUM,  *1,100  twt;  M  -  3.0. 


ANNUM,  70,700  MM;  M  •  1.72. 

B-58  pressure  sips* tuns 

See  capsule  summary  SBA-8  for  an  illustration  of 
the  variation  of  overpressure  with  altitude  for 
the  F-104  and  the  B-58. 

SBA-7 

SUMMARY  OF  PRELIMINARY  DATA  FROM  THE  XB-70  AIRPLANES 

Hi Ilian  H.  Andrews 

NASA  TMX-1240,  dune  1966 

This  report  presents  preliminary  data  on  the 
XB-70  in  the  areas  of  stability  and  control , 
general  performance,  propulsion-system  inlet 
operation,  structural  thermal  response,  internal 
noise,  runway  noise,  and  sonic  boon.  Only  the 
sonic  boon-  characteristics  of  the  XB-70  will  be 
summarized  here. 

The  figure  below,  which  was  taken  from  this  paper, 
shows  typical  measured  pressure  signatures  for 
the  XB-70.  The  signature  measured  for  flight  at 
M  ■  1.22  at  an  altitude  of  27,000  feet  is  of  the 
near-field  type,  while  that  measured  for  flight 
at  M  *  1.86  at  an  altitude  of  48,000  feet  is  of 
the  N-wave  type. 


Ae*3.t§Mfe>« 


M  »  1.22.  Ah  -  27.000 It,  rMMIfkt- 423,00*  M. 


Ah-2.1*MM*«1 


M  •  M,  Ah  •  3*,7*0  ft,  nM*M  *  **7.0*0  M, 


A*  - 1,7*  w/w  ii 


M  -  I.M,  Ah  •  *4.000  ll,  ww»  omht  -  3*2.000  lb. 

XB-70  pressure  sipmturts 

A  comparison  of  XB-70  and  B-58  pressure  signatures 
for  flight  at  M  *  1.22  and  an  altitude  of  27,000 
feet  is  shown  in  the  figure  below,  which  was  also 
taken  from  this  paper.  It  can  be  seen  that,  while 
the  XB-70  pressure  signature  is  of  the  near-field 
type,  the  B-58  pressure  signature  has  already 
attained  the  far-field  N-wave  form. 


Ah -3.1*  MM*  M 


OHO**  WEKJHT  -  423,000  lb 


Ah  -  1S7  fe/M  fl 


0  AOS*  WEIGHT  •  120,00*% 
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Gmsperistm  of  XB-70  end  B-58  pressure  tipMures 


See  capsule  summary  SBA-8  for  an  illustration  of 
the  variation  of  overpressure  with  altitude  for 
the  XB-70,  and  capsule  susmary  SBA-9  for  an  illus¬ 
tration  of  the  variation  in  signature  shape  with 
increasing  distance  from  the  XB-70. 

SBA-5 

SONIC-BOOM  CHARACTERISTICS  OF  PROPOSED  SUPERSONIC 

AND  HYPERSONIC  AIRPLANES 

F.  Edward  McLean  and  Harry  w.  Carlson 

NASA  TN  D-3587,  September  1966 

This  paper  relates  the  predicted  sonic  boom 
characteristics  of  the  large,  heavy  supersonic 
and  hypersonic  airplanes  to  those  of  tha  super¬ 
sonic  airplanes  that  were  operati c^al  at  the  time. 
It  also  explores  the  use  of  near-field  eife.'ta  to 
modify  the  sonic  booms  of  the  proposed  ■‘p-sne** 
For  a  summary  of  this  discussion  the  readtr  is 
;ef erred  to  capsule  suamary  m-14.  The  present 
capsule  summary  deals  only  with  the  sonic  boom 
characteristics  of  the  F-104,  B-58,  and  B-70, 
as  discussed  in  this  paper. 
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‘‘b*  figure  below,  which  was  taken  fro*  this  paper , 
shows  correlations  of  the  Measured  and  theoretical 
sonic  boo*  characteristics  of  the  F-104,  the  B-58, 
and  the  B-70,  For  both  overpressure  and  impulse 
the  theoretical  predictions  are  represented  as  a 
band  of  values  to  account  for  differences  in 
operating  weight  and  Mach  nuaber  at  a  given  alti¬ 
tude,  It  can  be  seen  that  there  are  substantial 
increases  in  overpressure  and  inpulse  with  in- 
creased  airplane  size. 
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A  comparison  of  setaured  and  theoretical  ground 
pressure  signatures  for  the  B-70  are  shown  in  the 
figure  below,  which  was  also  taken  fro*  this  paper. 
The  upper  signature  shows  near-field  character¬ 
istics.  The  Major  disagreement  between  theory  and 
flight  Measurements  is  in  the  tail-shock  portion 
of  the  signature  where  the  wake  conditions  and 
angine  exhaust  plunas  .tre  difficult  to  define. 
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See  capsule  suaesary  SBA-6  for  samples  of  Measured 
pressure  signatures  of  the  b-58  end  the  F-104. 
Measured  pressure  signatures  for  the  B-70  are  shown 
in  capsule  sueamries  SBA-7  and  SBA-9. 

SBA-9 

PRELIM  MARY  RESULTS  OF  XB-70  SONIC  BOON  FIELD  TESTS 
DURING  NATIONAL  SONIC  BOOH  EVALUATION  PROGRAM 
D,  3.  Maglisri,  V.  Buckel,  H.  R.  Henderson,  and 
T.  Putman 

Sonic  Boo*  Experiments  at  Edwards  Air  Force  Base. 
Interim  Report,  KS8EO-1-67,  Annex  C,  Part  II, 

July  28,  1967 


This  report  documents  the  measurements  Made  fro* 
XB-70  sonic  boom  flight  tests  conducted  as  part 
of  the  Edwards  Air  Force  Base  sonic  boom  experi¬ 
ments.  The  present  capsule  summary  is  concerned 
only  with  describing  the  sonic  boom  character¬ 
istics  of  the  XB-70,  as  demonstrated  by  the 
results  of  this  investigation.  For  a  discussion 
of  the  other  results  found  in  this  investigation 
see  capsule  susnary  P-163. 

The  figure  below,  which  was  taken  from  this  report, 
shows  tracings  of  typical  sonic  boom  signatures 
measured  at  two  different  lateral  stations  and  for 
tw>  different  flight  conditions  of  the  airplane. 

It  can  be  seen  that  the  signature  arasured  on  the 
ground  track  for  a  flight  altitude  of  37,000  feet 
and  a  Mach  nuaber  of  1.5  is  of  the  near- field  type. 
At  a  lateral  distance  of  5  miles  the  signature  was 
of  the  far -fie Id  type  for .a  flight  altitude  of 
37,000  feet  and  Mach  number  of  1.5,  but  it  was>  of 
the  near-field  type  for  a  flight,  altitude  of  60,000 
feet  and  a  Mach  number  of  1.8  -  2,5.  The  reason 
for  the  existence  of  the  additional  relatively  weak 
shock  stave  was  not  fully  understood,  but  It  was 
thought  to  be  due  to  the  variable  geometry  features 
of  the  airplane. 
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The  variation  of  overpressure  with  lateral  dis¬ 
tance  for  the  XB-70  for  flight  at  two  different 
altitudes  is  shown  in  the  figure  below,  which  also 
was  taken  from  this  paper.  It  can  be  seen  that  for 
stations  not  on  the  flight  track  the  measured  over¬ 
pressure  values  were  generally  lower  than  the  cal¬ 
culated  values. 
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The  final  figure  show*  sample  in-flight  w/,/j  forma 
measured  at  various  distances  from  the  xb-70  using 
an  inatrumanted  P-104.  It  can  be  amm  that  mors 
complex  signatures  wars  measured  close  to  the  air¬ 
craft  and  that  the  individual  shock  waves  tended 
to  coalesce  as  distance  from  the  aircraft  increased. 
It  can  also  be  seen  that  the  pressure  signature 
above  the  airplane  differed  markedly  from  that 
below  the  airplane  at  a  comparable  distance,  f'-iis 
Is  due  to  the  fact  that  there  are  suction  for  :<•  ■■  on 
the  upper  surface,  of  the  wing  and  compression  f  rees 
on  the  lower  surface. 


Ntm-fteU  XB-70  m treforms 


This  report  contains  one  of  the  most  extensive 
descriptions  available  concerning  the  sonic  boom 
characteristics  of  the  XB-70.  . 


Meaaui  *d  sonic  boost  characteristics  of  the  P-101 
are  also  presented  in  the  paper  summarised  in  cap¬ 
sule  summary  SBA-1.  However,  no  pressure  signatures 
are  shown  in  that  paper.  Additional  examples  of 
measured  P-104  pressure  signatures  are  given  in 
capsule  summary  SKA-12.  Capsule  summaries  3BA-7 
and  SBA-9  give  additional  samples  of  XB-70  measured 
pressure  signatures,  and  capsule  summary  SBA-6 
gives  additional  B-5B  signatures. 


SBA-11 

MODEL  2707-300  SOKIC  BOOH  DOCWffiHT 
Edward  j.  Kane  and  W.  L.  Paulin 

Boeing  Company,  Coaetercial  Airplane  Division.  Eocus^nt 
Ho.  DC  A11S41-1  TH,  January  1969. 

This  doc  intent  contains  calculated  pressure  sig¬ 
natures  of  the  2707-300  airplane  during  supersonic 
climb,  cruise,  and  descent.  These  signatures  were 
calculated  using  Whit hen's  theory  (see  capsule 
summary  G-3)  in  conjunction  with  the  uae  of  a.t 
atmospheric  correction  factor  to  account  for  the 
effects  of  e  non-homogeneous  atmeopfcare.  The  at¬ 
mospheric  correction  factor  was  calculated  using  a 
method  equivalent  to  that  of  Hayes,  at  al  (see 
capsule  summary  P-98). 


The  four  signatures  below  show  the  sonic  boots 
characteristics  of  the  2707-300  during  died),  be¬ 
ginning  cruise,  end  cruise,  and  descent.  All 
signatures  axe  for  a  maximum  taxi  weight  (MIN)  of 
750,000  pounds.  It  can  be  seen  that  the  signature 
is  of  the  far-field  W-wave  type  for  all  four  cases. 
The  maximum  overpressure  varies  from  about  3.5  psf 
during  climb  to  about  2.0  psf  at  the  end  of  cruise. 


SBA-10 

SO!  IE  EFFECTS  OP  THE  ATHOSPHEPf  OH  SONIC  BOOH 
Edward  J.  Kane 

IL\SA  SP-147,  Sonic  Boom  Research,  1967,  pp.  49-63 


This  paper  is  primarily  concerned  with  atmos¬ 
pheric  effects  on  sonic  boom  propagation.  The 
reader  is  referred  to  capsule  summery  P-74  for  a 
nummary  of  these  effects.  The  present  capsule 
summary  is  concerned  only  with  the  figure  below, 
which  wee  taken  from  this  paper  and  which  shews 
measured  and  theoretical  pressure  signatures  for  an 
P-104,  an  XB-70,  an  P-1018,  and  a  B-S8.  It  can  be 
seen  that  the  resemblance  between  the  measured  and 
calculated  pressure  signatures  is  vary  close. 
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Further  characteristics  of  the  calculated  2707-300 
sonic  boon,  together  with  a  comparison  of  Concorde 
sonic  boon  characteristics  are  given  in  capsule 
n senary  SBA-13.  For  a  summary  of  the  sonic  boom 
characteristics  of  the  Russian-built  TU-144  see 
capsule  summary  S BA-19. 

SBA-12 

VARIABILITY  IK  SONIC-BOOK  SIGNATURES  MEASURED  ALONG 
AM  9000-FOOT  LINEAR  RARAY 

Domenic  J.  Maglieri,  Vera  Huckel,  and  Herbert  R. 
Henderson 

NASA  T34  D-S040,  February  1969 

For  a  summary  of  the  investigation  presented  in 
this  paper  the  reader  is  referred  to  capsule  sum- 
nary  P-94 .  The  present  capsule  summary  discusses 
only  the  results  concerning  the  scnic  boom  char¬ 
acteristics  of  the  P-1C4. 


The  first  figure  below,  which  was  taken  from  this 
paper,  shows  calculated  and  measured  preset'*''  sig¬ 
natures  for  the  P-104  at  a  flight  altitude  of 
30,000  feet  and  a  Mach  number  of  1.3.  The  secorei 
figure,  which  also  was  taken  from  this  paper, 
shows  a  histogram  of  measured  overpressures,  as 
influenced  by  atmospheric  variability,  for  the 
F-104  for  flight  at  an  altitude  of  30,000  feet 
and  at  Mach  numbers  of  1.3  and  1.6.  It  can  be 
seen  that  nearly  all  of  the  overpressures  lie  in 
the  0.5  to  2.0  psf  range  and  that  the  mean  over¬ 
pressure  is  about  1.0  psf. 
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S«._  "apsule  stmesry  SB7.-6  for  an  illustzction  of 
the  variati^  of  ovsrpresuure  with  altitude  for 
the  F-104.  Capsule  sussiary  SBA-6  giv,s  additior.i.1 
examples  of  measured  pressure  signatures  for  the 
F-104. 

SBA-13 

REPORT  ON  THE  SONIC  BOOM  PHENOMENON,  THE  RANGES  OF 
SONIC  BOOM  VALUES  LIKELY  TO  BE  PRODUCED  BY  PLANNED 
SST’S  AND  THE  EPF.'CTS  OF  S0MIC  BOOMS  ON  HUMANS, 
PROPERTY,  ANIMALS.  AND  T'.IRRAIN 

Attachment  A  of  ICAO  Document  8894,  SBIVII,  Report 
of  the  Second  Mating  of  thu  Sonic  Boom  Panel, 
Montrsal,  October  12  to  51,  1970 

This  report  is  composed  of  six  chapters,  each 
dealing  with  a  certain  aspect  of  sonic  boom 
phenomena.  The  present  capsule  sumary  summarises 
only  the  second  chapter,  which  is  entitled  "Ranges 
of  "onic  Boom  Values  Likely  to  be  Produced  by 
Planned  SST’s," 


In  the  absence  or  detailed  date  on  the  Tupolev  14 
developed  by  the  U.S.S.R.,  the  date  presented  in 
this  chapter  of  the  report  relate  to  the  Concorde 
and  the  Boeing  2707.  The  figure  below,  which  was 
taken  from  this  report,  shows  the  rarv;s  of  no® ir.nl 
overpressures  that  were  expected  to  be  produced  by 
these  two  airplanes  for  climb,  cruise,  and  descent. 
The  upper  line  represents  the  2737-300  project  with 
a  takeoff  gross  weight  of  750,000  pounds  and  the 
lower  line  r epresents  the  Concorde.  It  can  be  seen 
that  the  values  of  the  nominal  peak  overpressure 
range  from  about  180  N/m2  (3.6  psf)  in  the  beginning 
of  climb  (after  the  initial  focus  boom!  to  about 
100  N/»2  (2  psf)  at  the  end  of  cruiee. 
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It  is  crated  that  the  nominal  signature  interval 
will  range  from  about  250  to  300  milliseconds  for 
the  Concorde  to  about  300  to  350  milliseconds  for 
the  2707 -2CC.  The  carpet  width  of  the  Concorde  for 
a  flight  altitude  of  56,000  feet  is  45  KM,  while 
that  of  the  2707-300  is  given  as  50  r«  for  a  flight 
altitude  of  63,000  feet. 

No  pressure  signatures  for  either  airplane  are 
given  in  this  report.  See  capsule  stuoaries  S8A-20 
and  S6A-23  for  measured  Concorde  pressure  signatures 
and  capsule  summary  S BA-11  for  calculated  2707-30C 
pressure  signatures.  Sonic  boom  characteristics 
of  the  TV -144  are  summarized  in  capsule  susnary 
SBA-19. 
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AN  TWrttST'.SATI'W  0*  SONIC  <CCH  FOR  .STRAIGHT  AHO 
"'Fi"*.  yfwj  3PA;&  shuttle  Okuitsrs 
Raymond  M.  Hicks.  Joel  P.  Mendoza,  and  Lionel  L. 
’’b/y,  Jr. 

NM&k-TM  -f 207-7,  April  1371 

In  the  investigation  discussed  in  this  report 
wisid  tunnel  tests  were  conducted  to  determine  the 
sor.is  coot*  characteristics  of  straight-wing  and 
delta-wing  .-.pa.-e  shuttle  orbitsM  during  re¬ 
entry  Into  the  earth' j  atmoophere.  Two  different 
tr.  jtetories  were  anatyzed  for  the  J  ilta-wirej 
orhit-r,  while  one  trajectory  was  considered  for 
tht  sv.  ay;'  •  ■  wi>-g  orbiter.  Both  trajectory  and 
angle  of  attack  nets  'oaarf  to  have  strong  effects 
on  the  .e  ti  of  eonic  boom  .w-erpiresaui*  under  the 
flight  pa: h  cf  the  v«hicle. 


The  straight-wing  orbiter  was  tested  at  Mach 
numbers  of  1.2,  1.68,  2.17,  and  2.7.  The  delta- 
wing  orbiter  ms  tested  at  Mach  numbers  of  1.68, 
2.17,  and  2.7.  The  sonic  boom  overpressures 
generated  by  the  straight-wing  orbiter  were  found 
to  vary  from  approximately  2  psf  at  H  »  1,2  to 
about  0.9  psf  at  H  *  2.7  for  a  trajectory  based  or. 
a  constant  angle  of  attack  of  60  degrees  during  re¬ 
entry.  The  level  of  sonic  boom  overpressures  for 
the  delta-wing  orbiter  was  found  to  be  approximate¬ 
ly  the  same  as  that  of  the  straight-wing  orbiter 
for  a  60  degree  angle  of  attack  trajectory.  When 
the  trajectory  ms  changed  to  permit  a  constant 
angle  of  attack  of  25  degrees  during  reentry,  the 
overpressure  was  less  than  1  psf  for  the  range  of 
Mach  numbers  investigated. 


The  two  figures  below,  which  were  taken  from  this 
paper,  show  the  measured  pressure  signatures  of 
both  models  at  various  Mach  numbers.  The  straight¬ 
wing  orbiter  model  nad  a  length  cf  approximately 
7  inches,  while  the  delta-wing  model  was  about 
10  inches  long.  Thu*  the  signatures  shorn  are 
near-field  signatures.  The  extrapolation  technique 
developed  by  Hicks  and  Mendoza  (see  capsule  smonary 
"-34)  was  used  to  obtain  the  far- field  overpressures. 
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The  sonic  boos  characteristics  of  the  space  shuttle 
during  ascent  were  investigated  in  the  report  sum¬ 
marized  in  capsule  susmary  SBA-16. 

S BA-15 

WIND  TUNNEL  PRESSURE  SIGNATURES  FOR  A  .016-SCALE 
MODEL  OF  TIE  APOLLO  COUttJ®  MOOULE 
Joel  P.  Mendoza  afid  Raymond  K.  Hicks 
NASA  TMX-62,047,  July  14,  1971 

In  the  investigation  d-’.ccussed  in  this  report 
a  wind  tunnel  test  vj*  conducted  to  measure  the 
overpressure  characteristics  of  a  .016-scale  model 
of  the  Apollo  command  module.  Pressure  signatures 
for  the  model  at  25*  angle  of  attack  were  measured 
at  roll  angles  ranging  froifc  0*  to  ISC'.  Schlieren 
photographs  were  taken  at  0*  roll  angle.  The  test 
Mach  numbers  ranged  from  1.50  to  10.02. 


f.r.  example  of  the  pressure  signatures  measured  is 
shewn  in  the  figure  below,  which  was  taken  fro® 
this  paper.  The  signatures  are  tor  a  Mach  number 
of  2.0,  a  angle  of  attack  of  2S*,  a  distance  to 
body  diameter  ratio  of  2. 35,  and  roll  angles  of  0* 
and  30s,  respectively. 


ApuVn  cnmrmml  mnJult  prruutt  ugmuurts. 
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No  attempt  was  made  in  this  paper  to  extrapolate 
the  measured  near-field  signatures  to  obtain  far- 
field  overpressures. 


Actual  measurements  of  pressure  signatures  of  the 
Apollo  15  command  module  are  presented  in  the 
paper  sunsarised  in  capsule  summary  SBA-21.  Also, 
a  correlation  of  wind  tunnel  and  flight-measured 
signatures  is  presented  in  the  paper  summarized  in 
capsule  sunaary  SBA-18 . 


S  BA-16 

A  BRIEF  STUDY  Of  TH-J  SPACE  SHUTTLE  SONIC  BOOM 
DURING  ASCENT 

P.aymo*vi  M.  Hicks  and  Joel  P.  hendoza 
HAS:.  TK  X-62,055,  July  23,  1971 


Thia  paper  presents  the  results  of  an  experimental 
investigation  conducted  to  determine  if  a  sonic 
boom  problem  existed  during  ascent  of  a  space 
shuttle  launch  configuration.  A  model  of  the  North 
American  Rockwell  orbiter  in  combination  with  a 
Ganeral  Dynamics  Convair  booster  {see  sketch  below) 
was  tested  with  and  without  a  simulated  exhaust 
plume.  Hind  tunnel  pressure  signatures  were  ob¬ 
tained  at  Mach  3  and  4  for  angles  of  attack  and 
bank  of  zero.  These  signatures  were  used  to  cal¬ 
culate  ground  overpressures  under  the  flight  path 
for  launch  trajectory  developed  by  the  Manned 
Spacecraft  Center  using  the  extrapolation  technique 
developed  by  Thomas  {see  capsule  summary  P-151. 


J.-xAY  jArfrfc 


The  two  figures  below,  which  were  taken  from  this 
paper,  suncaarize  the  results  of  this  investigation. 
In  these  figures  overpressure  is  plotted  versus 
flight  path  angle,  y.  The  trajectory  value  for  y 
is  shewn  by  a  "tick"  mark  on  the  abscissa.  It  can 
be  seen  that  for  Mach  3  the  combination  of  flight 
path  angle  and  rate  of  change  of  flight  path  angle 
produced  pressure  wave  focussing  with  attendant 
high  level  of  overpressure.  At  Mach  4  no  focussing 
was  present  and  the  level  of  overpressure  was  ap¬ 
proximately  2  psf. 
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The  senic  bocwi  characteristic*  of  the  space  shuttle 
orbiter  during  reentry  were  investigated  in  the 
report  summarized  in  capsule  sunnary  SBA-14 . 


SBA-17 

WX5S>  TUNNEL  PRESSURE  SIGNATURES  FOR  A  DELTA-WIHG 

SPACE  SHUTTLE  VEHICLE 

Rayaond  M.  Hicks  and  Joe)  P.  Mendoza 

NASA  TXX-6z,G4C,  August  4,  1971 


In  this,  report  sonic  boom  pressure  signatures, 
measured  ir.  various  wind  tunnels,  arc  presented 
for  a  eiodel  of  a  delta-wing  space  shuttle  vehicle. 
*’ata  are  presented  for  Mach  numbers  ranging  from 
1.20  to  10. 02,  angles  of  attack  ranging  from  0  to 
60  degrees  and  roll  angles  ranging  frosi  0  to  160 
degrees. 


The  first  figure  below,  which  was  taken  from  this 
paper,  allows  a  sketch  of  the  model.  The  second 
figure  shows  typical  measured  pressure  signatures. 
No  extrapolations  were  made  ir.  the  present  paper  to 
obtain  far-field  overpressures. 
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The  sonic  boca  character isties  of  a  straight-wing 
space  shuttle  oioiter  are  evaluated  and  ccciared 
to  those  of  the  delta-wing  orbitet  in  the  report 
summarized  in  capsule  summary  SBA-14. 

SBA-18 

A  WIND  TUNNEL-PLIGHT  C0RRELS7I5S  OF  APOLLO  15 

SONIC  BOOM 

Raymond  M.  Wicks,  Joel  P.  Mend  ore ,  and  frank  0. 

Garcia,  Jr. 

NASA  TM-X-621H,  January  1972 

In  the  investigation  described  in  this  report,  a 
correlation  of  snn;c  boom  pressure  signatures 
recorded  during  reentry  of  the  Apollo  15  coeesand 
module  with  wind  tunnel  signatures  extrapolated  to 
flight  distances  was  made  for  Mach  r.unbers  of  i.16 
and  4.57.  The  flight  pressure  signatures  were 
recorded  by  prsi-sure  sensors  located  onboard  ships 
positioned  near  the  ground  track,  while  the  wind 
tunnel  signatures  were  measured  during  tests  of  a 
0. 016-scale  model  of  the  command  nodule. 

The  results  of  the  correlation  are  shown  in  the  two 
figures  below,  which  were  taken  from  this  paper. 

In  the  first  figure  only  the  positive  portion  of 
the  wind  tunnel  signature  is  shewn  since  shock  wave 
reflections  from  the  floor  of  the  wind  tunnel  pre¬ 
vented  the  recording  of  the  full  pressure  signature 
at  M  *  '.16.  At  Hach  1.16  the  predicted  over¬ 
pressure  is  0.16  psf  be lev  the  value  actually 
measured  on  the  ground  (0.84  psf).  The  discrepancy 
was  thought  to  be  due*  to  atmospheric  effects.  The 
second  figure  shows  that  the  wind  tunnel -flight 
correlation  for  peak  overpressure  at  H  *  4.57  was 
very  good.  The  maltipK  shock  waves  exhibited  by 
the  flight  pressure  signatures  could  not  be  ad¬ 
equately  explained,  but  it  was  thought  that  they 
might  have  been  due  to  shock  reflections  from  the 
ship  superstructure. 
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The  wind  tunnel  sseasurcswnts  used  in  this  investi¬ 
gation  were  obtained  in  the  experiment  described 
in  capsule  suewary  SBA-1S,  The  actual  measured 
pressure  signatures  are  discussed  in  sore  depth  in 
the  report  suemarized  in  capsule  summary  SBA-21. 


SSA-19 

TU-144  DETAILS 

ICAO  SET  Memorandum  So.  40,  Kay  23,  1972. 

This  memorandum  gives  characteristics  of  the 
Soviet  SST,  the  TO- 144.  This  information  is  given 
in  the  two  tables  below,  which  were  taken  free  this 
rr.enoraudur..  The  first  table  presents  a  description 
cf  the  aircraft  itself,  while  the  second  table 
gives  its  sonic  boon  characteristics. 


Preliminary  data  of  the  Tt'-HA  aircraft 


— CTWB 

Dimension 

Value 

1.  »ke-cff  weight 

kg 

18,000 

2.  l  ax.  Landing  weight 

kg 

u.ooo 

3.  Span 

% 

29 

4.  Length 

* 

64 

‘ .  Height 

IS 

12.8 

6.  Wing  area 

** 

437 

7.  So.  of  engines 

- 

4 

8.  Engine  type 

- 

UK-144 

9.  Max.  thrust 

kg 

l'soo 

19.  King  configuration 

to  20000 
almost 

II.  Scse 

"double- 
delta" 
down  to 

12.  Controls 

17* 

elevens 

13.  Wing  type 

and 

rudder 

fixed 

114.  Super*. onic  cruising  ■ 

flight. 

Mach  number 

** 

2.2  *  2.35 

Altitude 

ks 

16  to  18 

IS.  Program ae  of 
climb  and 

|  de*c*nt 

T*rt  next  column 

,~V>  -M  c>*f*;lrrmta 
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The  peak  ovarprasEure  curing  ccuias  for  the  TfJ-144 
is  approximately  the  sa**  at  that  of  the  Concorde 
(see  capauie  S6A-20J . 

S3A-2Q 

MEASUP.EMEUT  OP  ‘-UilC  BOCK  FROM  CGQCGfSE  -002 

AUSTRALIA  1972 

M,  E.  L.  VfilSiaos  and  SS.  '.t.  Pag* 

Australia  Dvpactmenv  of  Civil  Aviation  PSD  Report 
Ko<  896,  August  19*2 

This  report  presents  sessureocr.ts  of  the  sonic  boos 
of  the  Concorde  -002.  Tho  seasuresencs  were  Bade 
during  two  teat  flights  over  Australia  during 
June  1072.  The  flight*  wire  vvAs  at  an  altitude 
of  ob'Ut  52.006  £««t  ar.d  at  a  Kadi  r.urdwr  cf  about 
2.  The  r elicits  irdxnasesi  Uv. . ,  for  a  signature 
und is Sorted  by  -i£sosph*r:c  turbulence,  the  caxiauB 
oveigfcesSuse  or,  the  ground  was  al»uc  1.9  puf.  Til.; 
figure  below,  which  van  ts&gr,  fro.-  chi*  report, 
shews  a  typical  wsoacurgd  signature, 


IS  fj.<  tlv 
Si  su/aiv 

. -.X'  ■."'n  .‘V,  ,j  r,J:irrr 


Thu  peak  oveipr-asMu  e  duj  ;ng  cruise  for  the  Concorde 
is  about  the  ran*  -is  tsjst  cf  the  Soviet  TU-144  (see 
capsule  sisicwry  SBA-  s  * s . 

Mu-ieureswnts  of  the  rres^ato  signature  of  the 
Fre..  h-asr-crhled  -'enrorde  -001  are  dismissed  in  the 
paper  3um.tr izec  rr,  caj.raic  -.umary  SBA-23.  Further 
sonic  fcoon  c  ; T c*  ‘  t  t  s  : :  the  Concorde  are  given 
in  caps- i.o  BiBSM!  y  S3A-ii. 

SBA-21 

dONIC  600!  CRUETS:  MCSSLTUi  MEASUREMENTS  FROM 

APOtLO  15 

David  A,  I..itor.  and  Herbert  R.  Bender&or, 

NASA  Til  D-6950,  1972 


This  paper  presents  sonic  boon  pressure  signatures 
recorded  during  the  launch  and  reentry  phases  of 
the  Apollo  IS  mission.  The  measurements  were  ob¬ 
tained  along  the  vehicle  ground  track  at  87  ns 
(4?  ::.ni.)  and  970  (523  n.mi.)  downrange  from 

the  launch  site  during  ascent;  and  at  500  Xu 
(270  n.mi.) ,  55.6  IQs  (30  n.ai.),  and  12.9  fm 
(7.0  n.ni.j  from  the  splashdown  point  during  re- 


The  figure  below,  which  was  taken  from  this  paper, 
ghows  the  vehicle  configurations  during  ascent  and 
reentry.  A  comparison  of  the  measured  signature 
characteristics  with  those  calculated  using  the 
existing  sonic  bees  prediction  techniques  (see 
capsule  suseary  0-23)  Is  shown  in  the  table  below 
which  also  was  taken  from  this  paper.  Possible 
effect*  of  the  rocket  exhaust  plume  on  ascent  and 
the  ionisation  sheath  on  descent  were  ignored  in 
the  calculations.  Absolute  overpressure  estimates 
were  not  attempted  for  the  ascent  condition  since 
it  was  not  clear  how*  to  handle  the  exhaust  plume. 
Fairly  geed  cooper isons  were  obtained  for  the  meas¬ 
ured  and  calculated  overpressures  for  the  descent 
conditions.  The  estimates  of  overall  duration  were 
generally  lew  for  the  ascent  conditions  and  high 
for  the  descent  conditions.  The  discrepancies  for 
the  ascent  Flight,  conditions  were  again  believed  to 
be  due  to  the  rccket-exiraust  plumes  which  were  not 
properly  accounted  for  in  the  estimate. 
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Measured  pressure  signatures  during  ascent  are 
shown  in  the  figure  below  wnich,  again,  was  taken 
from  this  paper.  The  initial  positive  impulse  was 
believed  to  be  due  to  the  spacecraft  as  it  neared 
the  overhead  position.  The  positive  peak  occurring 
approximately  9  seconds  after  the  initial  pressure 
onset,  as  measured  aboard  the  U.S.S.  Saliman, 
was  believed  to  be  a  secondary  sonic  boom  pressure 
wave  that  was  generated  by  the  spacecraft  farther 
up  the  flight  track  (closer  to  the  launch  site)  and 
was  due  either  to  the  curved  flight,  pjth  of  the 
vehicle  or  its  acceleration  rate.  ?h>  source  of 
the  secondary  negative  pulse  in  the  second  sig¬ 
nature  was  not  known.  The  long  durations  were  be¬ 
lieved  to  be  associated  with  the  effect  cf  the 
spacecraft  rocket-motor  plume  during  ascent. 

A» 

Mftn*  *1  me' 

50  77  >-»  > 


Vttocfcv  *tTta«****  *3.472<i 

co  U.S.S,  S4t>n*n. 


Onrhm)  cortonkwnr  VWKttv  4W  it/tM  «Ad  tftno* I7|.77t  <««wt 
il—nrid  w  mi>  Arnm. 

Metutnrd  y>me  b-H'm  x kgmtum  dutbtx  wcent 

The  signatures  measured  during  the  descent  of 
the  coecand  module  are  shown  in  the  figure  below. 
The  multiple  shocks  were  thought  to  be  due  to  the 
spacecraft  itself.  However,  it  was  pointed  out 
that  reflections  from  objects  onboard  the  ships 
could  not  bo  definitely  ruled  out. 
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Wind  tunnel  pressure  signatures  for  the  Apollo 
command  mciule  were  presented  in  the  paper  sum¬ 
marized  in  capsule  summary  SBA-15.  A  correlation 
of  wind  tunnel  and  flight-measured  signatures  was 
made  in  the  paper  summarized  *.->  capsule  susmary 
SBA-18. 


S  BA-22 

SONIC  BOOM  MEASUREMENTS  FOR  SR-71  AIRCRAFT  OPERATING 

AT  MACH  NUMBERS  TO  3,0  AMP  ALTITUDES  TO  24384  METERS 

Doa*nic  J.  Maglieri,  Vera  Huckel,  and  Herbert  R. 

Henderson 

NASA  TH  D-6823,  September  1972 

Sonic  boos  pressure  signatures  produced  by  the 
SR-71  aircraft  at  altitudes  from  10, <>66  to  24,384 
meters  and  Mach  nur&ers  1.35  to  3.0  were  obtained 
as  an  adjunct  to  the  Edwards  Air  Force  Base  Sonic 
Boos  Evaluation  Program  (see  capsul.';  susaary 
SR-39!  relating  to  structural  and  subjective  re¬ 
sponse  which  was  conducted  in  the  1966-1967  time 
period.  Approximately  2000  sonic  boo©  signatures 
from  33  flights  of  the  SR-71  and  two  flights  of 
the  P-12  (which  is  of  tha  »wt  general  type)  were 
obtained. 

A  comparison  of  the  measured  and  calculated 
variation  of  peak  overpressure  with  altitude  is 
shown  in  the  figure  below  which  was  taken  fret 
this  paper.  It  can  be  seen  that  the  overpressure 
varies  from  about  120  N/b2  (-2.S  pef>  for  flight 
at  about  11,000  meters  to  about  50  N/s2  (-1  psf) 
for  flight  at  ait  altitude  of  about  24,000  meters. 


i  -s'  "V  '  ?:•  ''  n.  o’ 

I  Ws.Vn  of  peak  urerpmme  uriik  altitude  fir  SR-71 

The  figure  !  dew  shows  traci.igs  of  measured  and 
calculated  pressure  signatures  at  various  alti¬ 
tudes  and  Mach  numbers.  It  can  be  seen  that  the 
agreement  between  experiment  and  theory  is  good. 
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This  is  the  best  available  source  for  data  con¬ 
cerning  the  sonic  boors  characteristics  ot  tha 
SR-71. 


SBA-23 

RECENT  SONIC-BANG  STUDIES  IK  THE  UNITED  KINGDOM 
C.  H.  E,  torrer, 

The  Journal  of  tha  Acoustical  Society  of  America, 

Vol.  51,  No.  2  {Fart  3s,  1972,  Sor.c  Boom  Symposium, 
pp.  783-789 

This  paper  summarizes  the  sonic  boos  studies  con¬ 
ducted  in  the  United  Kingdom  between  1965  ar-d  19’0. 
The  present  capsule  svsam&ty  ss  concerned  only  with 
the  portion  of  the  paper  dealing  with  measurements 
of  the  Concorde  sonic  boom.  For  a  summary  cf  the 
rest  of  the  paper  see  capsule  suttsa-y  S-46. 

Measurements  cf  the  sonic  boos  pressure  signatures 
of  the  French-assembled  Concorde  prototype  001  ware 
made  in  December  i969  during  flights  at  Istres, 
France.  Four  overflights  were  made,  two  at  45,000 
feet  and  two  at  37,000  feet,  all  at  a  nominal  Mach 
number  of  1.3.  The  figure  below,  which  was  taken 
from  this  paper,  shows  typical  measured  waveforms. 
It  can  be  seen  that  the  waveforms  are  basically 
N-waves.  However,  the  waveform  for  37,000  feet  has 
not  quite  attained  its  far-field  asymptotic  shape, 
as  evidenced  by  the  presence  of  two  shocks,  one 
behind  the  other,  at  the  front  limb  of  the  S. 

This  lias  disappeared,  however,  for  43,000  feet. 


AitHisk  37.000  ft. 


Altitude  45.000  ft. 

Cmtit-if  001  pmutre  ugnaturri 

The  table  below,  which  was  also  taker,  from  this 
paper,  shows  average  values  of  the  characteristic 
overpressure  (defined  as  four  times  the  maximum 
impulse  divided  by  the  signature  interval)  and 
signature  interval  for  the  two  altitudes-  The 
measured  values  were  found  to  agree  very  well  with 
standard  calculations  made  using  the  gross  atmos¬ 
pheric  conditions  prevailing  at  the  lime. 
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OAP-1 

SONIC  BOOM  -  LIMITATIONS  ON  SUPERSONIC  AIRCRAFT 

OPERATIONS 

Donald  W.  Patterson 

Aero  Space  Engineering,  July  1960 

An  attempt  is  made  in  this  paper  to  find  the  opti¬ 
mum  speed-altitude  schedule  for  a  supersonic  trans¬ 
port  or  bomber,  with  minimum  sonic  boom  ground  dis¬ 
turbance  as  the  prime  consideration.  The  conclusion 
reached  is  that  maximum  altitude  should  be  reached 
as  soon  as  possible,  climbing  at  subsonic  speeds  at 
maximum  practical  climb  path  angle.  During  the 
climb,  the  speed  must  be  kept  below  the  cutoff  Mach 
number.  No  boom  should  be  permitted  to  reach  the 
ground  until  the  aircraft  has  reached  an  altitude 
of  30,000  feet.  As  the  descent  penetrates  the 
50,000  foot  level,  the  aircraft  should  be  at 
transonic  speeds. 

This  is  a  very  brief  analysis,  and  the  assumption 
that  the  aircraft  will  not  cause  objectionable 
pressure  rises  on  the  ground  for  flight  altitudes 
above  50,000  feet  is  very  questionable.  In  addi¬ 
tion,  normal  airplau°  operational  considerations 
indicate  that  such  a  climb  profile  would  be  ex¬ 
tremely  costly  in  terms  of  airplane  range  and 
payload.  (See  summaries  OAP-5  and  OAP-8.) 

CAP-2 

THE  SUPERSONIC  TRANSPORT  -  REQUIRED  CHARACTERISTICS 
OF  CONFIGURATIONS 
.Mark  R,  Nichols 

Paper  Presented  at  SAE  National  Aeronautic  Meeting, 

New  York,  New  York,  1961 

This  paper  discusses  the  requirements  that  opera¬ 
tional  constraints,  such  as  the  sonic  boom,  would 
place  upon  the  characteristics  of  supersonic 
transport  configurations.  Tne  portion  of  the  paper 
dealing  with  the  sonic  boom  is  quite  short,  and 
only  that  portion  of  the  paper  will  be  summarized 
here. 

The  decrease  of  sonic  boom  overpressure  with  alti¬ 
tude  is  discussed  briefly.  It  is  then  stated  that, 
since  a  sonic  boom  with  an  overpressure  of  1  psf 
resembles  distant  thunder  and  should  cause  negligible 
public  reaction  and  a  boom  with  an  overpressure  of 
2  psf  may  begin  to  cause  occasional  minor  damage, 
the  maximum  tolerable  sonic  boom  overpressure  may 
be  in  the  vicinity  of  1.5  psf.  Using  this  as  the 
criterion,  it  is  concluded  that  a  Mach  3  cruise 
condition  is  preferable  to  a  Mach  2  cruise  condition 
because  the  cruise  altitude  of  the  Mach  2  airplane  is 
about  10,000  feet  lower,  leading  to  an  overpressure 
which  is  1/4  psf  higher  than  the  Mach  3  cruise. 

In  a  later  paper  (see  capsule  summary  OAP-4)  Patton 
also  speculated  that  lower  overpressures  were  possi¬ 
ble  for  Mach  3.0  cruise  than  for  Mach  2.0  cruiso. 

This  paper  has  two  i.,ain  weaknesses: 

1.  The  conclusion  that  an  overpressure  of  1  psf 
is  acceptable  was  conjecture  based  on  a  very 
small  amount  of  data. 

2.  The  manner  in  which  the  variation  of  over¬ 
pressure  with  altitude  was  determined  is  very 
sketchy  and  qualitative. 


OAP-3 

SPECIAL  CONSIDERATIONS  IN  OPERATION  OF  SUPERSONIC 

AIRCRAFT 

J.  Kenneth  Power 

Navigation,  Vol.  8,  No.  4,  Winter,  1961-62 

Several  areas  to  be  considered  in  the  operation  of 
supersonic  transports.  Including  sonic  boom,  are 
discussed  in  this  paper.  Included  in  the  discussion 
are  the  then-current  and  proposed  res torch  programs, 
a  brief  treatment  of  sonic  boom  generation  and 
propagation,  and  a  brief  discussion  of  subjective 
and  structural  reaction  to  sonic  booms.  It  is  con¬ 
cluded  that  the  success  of  the  supersonic  transport 
will  probably  depend  on  the  sonic  boom  character¬ 
istics  of  this  aircraft,  and  that  turbofan  engines 
providing  high  thrust  augmentation  for  increasing 
acceleration  altitudes,  climb  angles,  etc.,  seem 
highly  desirable. 

OAP-4 

SUPERSONIC  TRANSPORT  DESIGN  CHARACTERISTICS  AND  THE 
SONIC  BOOM 
R.  J.  Patton 

IAS  Paper  No.  62-23,  Presented  at  the  IAS  30th  Annual 
Meeting,  New  York,  New  York,  January  22-24,  1962 

The  effect  that  sonic  boom  constraints  have  on  the 
design  characteristics  of  supersonic  transports  is 
discussed  in  this  paper.  The  equation  for  sonic 
boom  overpressure  due  to  lift  (see  capsule  summary 
G-10)  is  applied  to  a  series  of  aircraft  designed 
for  different  speeds,  payloads,  ranges,  and 
powerplants,  and  only  the  cruise  overpressure  is 
considered. 

It  is  shown  that  there  is  about  1/2  psf  reduction 
in  overpressure  in  going  from  Mach  2.0  to  Mach 
3.0.  due  to  the  higher  cruise  altitude  of  the  Mach 
3.0  airplane.  In  conjunction  with  the  design  range, 
it  was  found  that  for  a  thrust  to  weight  ratio  of 
0.4,  the  overpressure  increases  at  shorter  ranges 
due  to  the  fact  that  payload  is  constant  while  air¬ 
plane  size  is  decreasing  and  the  powerplant  is 
decreasing  proportionately.  It  was  also  found 
that,  for  a  given  Mach  number,  the  minimum  take¬ 
off  weight  did  not  correspond  to  the  design  for 
minimum  overpressure,  which  implied  a  higher 
design  thrust  to  weight  ratio  for  sonic  boom 
considerations  than  for  straight  economic  con¬ 
siderations.  Finally,  it  was  found  that  lower 
wing  loadings  correspond  to  lower  overpressures. 

It  is  concluded  that  further  research  on  struc¬ 
tural,  propulsion,  and  aerodynamic  improvements 
are  just  as  important  as  a  strong  sonic  boom 
resear-h  program. 

Tl'i  lower  overpressure  of  Mach  3.0  cruise  as 
compared  to  Mach  2.0  cruise  was  also  pointed 
out  in  an  earlier  paper  by  Nichols  (see  capsule 
sunmary  0AP-2) . 


0AP-5 

THE  EFFECT  OF  LIMIT  SONIC  BOOM  OVERPRESSURE  CLIMB 
PATHS  ON  THE  SIZE  AND  RANGE  OF  A  MACH  2.5 
TRANSPORT 
Dennis  Metherell 

Boeing  Airplane  Company,  Document  No.  D6-4030, 
January  1963 
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The  effects  on  airplane  size  and  range  that 
result  from  limiting  the  sonic  boom  over¬ 
pressure  generated  during  climb  on  a  standard 
day  are  discussed  in  this  report. 

The  study  configuration  is  typical  of  a  Mach 
2.5  cruise  transport  designed  for  a  payload  of 
25,000  lbs.  and  a  range  of  2500  NM.  The  gross 
weight  varies  between  293,000  lbs.  at  a  sonic 
boom  overpressure  of  2.75  psf  (structural 
placard)  to  340,000  lbs.  at  a  limiting  over¬ 
pressure  of  1.6  psf;  these  weights  correspond 
to  the  design  range-payload  and  a  landing 
field  length  restriction  of  6000  ft  utilizing 
blown  flaps. 

The  following  conclusions  were  reached: 

1.  There  is  a  minimum  value  of  overpressure 
that  cam  be  reached  for  amy  specified 
range-payload  requirement.  The  parti¬ 
cular  value  that  can  be  reached  depends 
up 'n  the  configuration’s  gross  weight  to 
empi:  weight,  ratio  and  its  sonic  boom 
characteristics . 

2.  The  highest  overpressure,  AP  =  2.76  psf, 
comes  from  following  a  high  speed  struc¬ 
tural  climb  placard.  This  approximates 
an  optimum  fuel  management  climb  path. 

The  lowest  overpressure,  AP  =»  1.50  psf, 
requires  a  high  alititude  climb  path. 

3.  Kegardiess  of  the  design  overpressure, 
in  a  practical  case  it  will  be  necessary 
to  oversize  the  engine  airflow  relative 
to  that  required  for  maximum  range  on  a 
standard  day. 

4.  .For  the  high  altitude  climb  placards 

needed  for  low  overpressures,  oversizing 
is  necessary  to  improve  the  thrust  margin 
in  climb. 

5.  For  high  speed  climbs  and  high  over¬ 
pressures,  oversizing  is  necessary  to 
reduce  community  noise  to  an  acceptable 
level. 

0W--6 

FURTHER  DEFINITION  OF  THE  SONIC  BOOM  PROBLEM  AND  ITS 
INFLUENCE  ON  SUPERSONIC  TRANSPORT  DESIGN,  PROPULSION 
AND  PERFORMANCE  REQUIREMENTS 
Herbert  A.  Hutchinson 

AIAA  taper  No.  63-230,  Presented  at  AIAA  Simmer 
Meeting,  Los  Angeles,  California,  June  17-20,  1963 

This  paper  discusses  the  effect  of  sonic  be.  m  con¬ 
straints  on  supersonic  transport  design,  propulsion, 
and  performance  requirements.  The  basic  conclusions 
reached  are  as  follows: 

1.  The  effect  of  configuration  on  sonic  boom 
overpressure  was  felt  to  be  greater  than 
some  of  the  earlier  references  on  the  topic 
had  indicated. 


sould  permit  acceleration  from  low  to  high 
supersonic  Mach  numbers  at  high  altitudes. 

3.  A  determination  of  a  mixed  engine  cycle  or 
a  tirust  augmentation  scheme  which  would 
permit  the  use  of  a  total  engine  thrust  to 
take-off  gross  weight  ratio  of  approximately 
0.4  and  yet  which  would  provide  the  capa¬ 
bility  of  a  climb  with  overpressure  not  to 
exceed  1.5  psf  should  be  included  in  propul¬ 
sion  study  efforts.  If  it  becomes  possible 
to  obtain  overpressure  less  than  l.S  psf 
during  climb,  it  was  felt  that  every  effort 
should  be  made  to  produce  the  lowest  possible 
overpressure  consistent  with  good  operating 
economics. 

4.  The  vehicle  weight  and  dimensions  must  be 
held  to  the  absolute  minimum  necessary  to 
accomplish  the  design  mission. 

5.  Many  aspects  of  the  supersonic  transport 
design  problem  (i.e.,  propulsion  system, 
performance,  configuration,  operational 
usage,  and  economics)  are  very  sensitive  to 
the  level  of  allowable  sonic  boom  over¬ 
pressure.  Thus  it  is  imperative  that  a 
limit  allowable  overpressure  be  firmly 
established. 

Tnis  is  a  good  general  discussion  of  the  effect 
that  a  sonic  boom  constraint  has  on  SST  design. 

OAP-7 

SUPERSONIC  TRANSPORT  CLIMB  PATH  OPTIMIZATION 
INCLUDING  A  CONSTRAINT  ON  SONIC  BOOM  INTENSITY 
Michael  Falco 

AIAA  Journal,  Vol,  1,  No.  12,  December  1963, 
pp.  2859-2B62 

The  effect  of  a  sonic  boom  constraint  on  aircraft 
perfo— nance  in  the  acceleration-climb  portion  of 
flight  is  discussed  in  this  short  note.  Typical 
numerical  solutions  are  presented  to  the  problem 
of  minimum-fuel  acceleration  climb  from  post¬ 
takeoff  initial  conditions  to  begin-crulse  ter¬ 
minal  conditions  for  a  representative  canard/ 
delta  transport  configuration  having  a  takeoff 
weight  of  400.000  pounds. 


The  two  figures  below,  which  were  taken  from 
thic  paper,  suiwnarize  the  findings  of  this 
investigation.  In  the  first  figure  curve  A 
shows  the  minimum  fuel  trajectory  viewed  in  the 
Mach  number-altitude  plane  without  any  inequality 
constraints.  Curve  B  satisfies  a  -epresentative 
engine/airframe  limit  without  regard  to  sonic 
boom  overpressure  limitations.  Curves  C  through 
P  illustrate  those  paths  satisfying  particular 
overpressure  limits  without  engine/eirframe 
limit  constraints.  The  second  figure  shows  the 
accompanying  ground  sonic  boom  overpressure  for 
each  of  the  various  climb  trajectories.  It  can 
he  seen  that  trajectory  V  leads  tc  the  most 
favorable  sonic  boor,  characteristics.  However, 
it  was  found  that  ouch  a  trajectory  resulted  in 
a  <14,000  lb  increase  in  fuel  expenditure  over  that 
of  trajectory  B  or,  alternatively,  a  nat  range  loaa 
of  approximately  300  statute  miles. 


The  major  emphasis  in  propulsion  study  efforts 
should  be  on  raising  the  maximum  altitude 
limit  of  the  engine  operating  envelope.  This 
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Minimum  fuel  acceleration-climb  profiles 
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Overpressure  histories 


An  earlier  study  by  Patterson  (see  capsule  summary 
QAP-i)  also  led  to  the  conclusion  that  a  Mach 
number-altitude  trajectory  such  as  that  of  curve 
F  would  result  in  the  most  favorable  sonic  boom 
characteristics.  However,  no  analysis  of  the 
performance  penalties  involved  was  made  in  that 
paper.  A  similar  but  more  extensive  study  than 
the  one  of  the  present  paper  was  made  by  Metherell 
(see  capsule  summary  OAP-5) . 


In  the  first  part  of  the  paper  a  general  discussion 
is  given  of  the  various  influences,  such  as  air¬ 
plane  characteristics,  Mach  maker,  etc.,  which 
affect  the  sonic  boom  strength.  A  brief  discussion 
of  atmospheric  effects  on  sonic  boom  propagation 
and  the  results  of  community  response  studies  to 
determine  maximum  acceptable  sonic  boon  over¬ 
pressure  is  then  given. 

the  discussion  of  the  first  part  of  the  paper 
forms  the  basis  for  the  treatment  in  the  last 
portion  of  the  paper  of  the  effect  of  overpressure 
limit  on  design.  The  figure  below  shows  the  ef¬ 
fects  of  sonic  boom  in  climb  on  the  takeoff  gross 
weight,  engine  airflow,  and  wing  area  of  an  air¬ 
plane  which  flies  a  given  distance  with  a  given 
payload.  This  figure  shows  that  eventually  a 
value  of  AP  in  climb  is  reached  where  any  further 
reduction  in  sonic  boom  intensity  would  be 
impractical.  From  this  point  on,  further  reduc¬ 
tions  m  the  sonic  boom  in  climb  for  the  basic 
airplane  could  only  be  accomplished  by  reducing 
either  the  payload  or  the  range ,  or  both.  It  is 
pointed  out  that  configurations  are  usually 
selected  so  that  they  lie  at  the  "knee"  of  gross 
weight — overpressure  curves.  In  cases  where 
the  design  point  lies  at  an  overpressure  which 
is  above  the  acceptable  limit,  the  knee  of  the 
curve  may  be  shifted  to  a  lower  value  with  some 
caref-.l  modifications  to  the  design  of  the  basic 
configuration. 
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This  is  a  good  concise  discussion  of  the  penalties 
in  airplane  performance  resulting  from  sonic  boom 
constraints. 

OAP-8 

EFFECT  OF  SONIC  BOOM  ON  SUPERSONIC  TRANSPORT  DESIGN 
AND  PERFORMANCE 

Edward  J.  Kane  ar.J  Armand  Sica1 'a 
naper  Presented  at  Fifth  Cont.-ance  on  Applied 
Meteorology  of  the  American  Meteorological  Society j 
Atmospheric  Problems  of  Aerospace  Vehicles,  Atlantic 
City,  New  Jersey,  March  2-6,  1964.  Also,  Boeing 
Airplane  Company  Document  D6-8614,  February  1964 


A  brief  discussion  is  then  given  of  the  trade¬ 
offs  involved  in  modifying  a  configuration  to 
lower  its  sonic  boom,  since  this  often  results  in 
increased  drag.  The  main  point  breught  out  is 
that  care  must  be  taken  not  to  compromise  other 
design  features  of  the  airplane  in  order  to  obtain 
lower  sonic  boom  overpressures. 

Tnis  is  a  good  discussion  of  the  problems  the 
airplane  designer  must  overcome  in  meeting  sonic 
boom  constraints.  The  subject  coverage  is  com¬ 
plete  and  concise. 


Thl3  paper  discusses  the  effect  of  sonic  boom 
overpressure  limits  on  the  design  and  perform¬ 
ance  of  a  supersonic  transport.  Possible 
methods  of  reducing  the  sonic  boom  by  configura¬ 
tion  tailoring  and  the  effect  of  this  on  per¬ 
formance  are  also  described. 


OAP-9 

THE  INFLUENCE  OF  SONIC  BOOM  CONSTRAINTS  ON  SST 
DESIGN  AND  OPERATION 
R.  L.  FOSS 

Lockheed  Aircraft  Corpora!,  -r  .  Report  No.  LR  20197, 
November  11,  1966 


This  report  presents  the  results  of  a  parametric 
study  conducted  by  Lockheed  concerning  the  effect 
of  sonic  boon  constraints  on  SST  design  and 
operation.  This  study  consisted  of  three  main 
parts.  The  first  part  examined  the  effect  on 
the  Lockheed  L-2000-7  SST  {characteristics  are 
not  given  in  this  report)  of  completely  remov¬ 
ing  sonic  boom  constraints.  The  second  part 
examined  the  effect  on  the  L-2000-7  of  making 
the  sonic  boom  constraints  more  stringent. 

The  third  part  of  the  report  examined  the 
feasibility  of  a  no-boom  supersonic  transport. 

The  results  of  the  study  concerning  the  effects 
of  completely  reseving  the  sonic  boom  constraints 
indicated  that  no  gains  in  the  payload  range  capa¬ 
bilities  or  economics  would  result  if  the  sonic 
boom  allowances  were  relaxed.  The  2.S  psf  climb 
overpressure  produced  by  the  L-2000-7  airplane 
concept  did  not  reflect  any  performance  or 
economic  compromise.  Although  relaxation  of  the 
boom  restriction  would  allow  'for  greater  freedom 
in  the  choice  of  transonic  acceleration  altitudes, 
the  study  showed  that  the  lower  acceleration 
altitudes  and  the  decrease  in  fuel  weight  is 
more  than  offset  by  the  added  structural  weight 
required.  Therefore,  no  gains  in  payload  were 
found  to  be  possible. 

The  second  part  of  the  study  examined  the  influ¬ 
ence  on  the  design,  operatj.cn,  and  economics  of 
a  fixed-wing  domestic  range  SST  if  the  cruise 
sonic  boom  had  to  be  reduced  to  the  order  of  1 
psf.  The  emphasis  here  was  placed  on  obtaining 
a  low  boom  signature  airplane  design,  and  a 
configuration  that  could  perform  the  desired 
domestic  mission  economically  at  the  lightest 
.* possible  weight  and  flying  at  the  most  advan¬ 
tageous  cruise  altitudes.  It  was  found  that, 
even  with  optimistic  assumptions  made  with 
regard  to  foreseeable  advances  in  arrow  wing 
cruise  lift/drag  ratio  technology,  the  reductions 
in  airplane  gross  weight  needed  to  reduce  sonic 
boom  overpressures  to  1.0  to  1.2  psf  caused 
significant  reductions  in  payload  and  made  the 
airplane  economically  unfeasible. 

The  last  part  of  the  study  consisted  of  a  brief 
investigation  of  the  feasibility  of  operating  a 
supersonic  transport  in  the  low  supersonic 
regime  below  cutoff  Mach  number  so  that  no  sonic 
boom  reaches  the  ground.  This  study  revealed 
two  important  results.  First,  it  was  found 
that  such  a  design  would  be  operatirg  in  a 
very  uneconomical  flight  regime  because  the 
drastically  reduced  lift/drag  ratio  associated 
with  low  supersonic  jiach  number  flight  would 
severely  compromise  the  cruise  efficiency  of 
.the  airplane.  Secondly,  it  was  concluded  that, 
due  to  variable  atmospheric  effects,  the  shock 
waves  generated  by  the  aircraft  would  very 
frequently  reach  the  ground  resulting  in  inten¬ 
sified  sonic  booms.  On  the  basis  of  these 
findings  it  was  concluded  that  a  no-boom  SST 
did  not  appear  to  be  feasible. 

Thin  is  an  excellent  report.  However,  the  only 
aspect  of  the  sonic  boom  considered  in  these 
parametric  studies  (as  was  the  case  in  similar 
previous  reports--see  capsule  summary  OAP-5 , 
for  example)  is  the  bow  shock  overpressure. 

It  has  been  shown  in  many  psychological  studies 


(see  capsule  summary  HRSC-16,  for  example) 
that  rise  time  is  just  as  important  as  over¬ 
pressure  in  determining  human  reaction  to  sonic 
booms.  Thus  modifying  an  aircraft  configura¬ 
tion  with  only  overpressure  considerations  in 
mind  may  not  result  in  a  pressure  signature 
that  is  more  acceptable  to  the  public. 

OAP-IO 

ASSESSMENT  OF  SONIC-BOOM  PROBLEM  FOR  FUTURE 

AIR-TRANSPORT  VEHICLES 

Donald  D.  Baals  and  Nillara  E.  Foss,  Jr. 

Proceedings  of  the  Sonic  Boca  Symposium,  The 

Journal  of  the  Acoustical  Society  of  America, 

Vol.  39,  No.  5,  Part  2,  1966,  pp.  S73-S80 

In  this  paper  modifications  to  the  mission  profile 
and  aircraft  design  techniques  are  evaluated  with 
regard  to  sonic  boom  constraints.  An  analysis 
concerning  potential  boom  levels  is  made  of  an 
intermediate-range,  domestic,  supersonic  trans¬ 
port  optimized  for  low  sonic  boom.  The  discus¬ 
sion  also  treats  future  aircraft,  such  as  the 
hypersonic  transport  and  the  ballistic  transport, 
concerning  their  sonic  boom  characteristics. 

The  basic  points  made  in  this  paper  are  as 
follows: 

1.  Careful  aircraft  design  is  required  to  meet 
sonic  boom  overpressure  goals  without  in¬ 
curring  excessive  performance  penalties. 

The  specification  of  an  unnecessarily  low 
required  overpressure  could  effectively 
preclude  the  development  of  any  supersonic 
transport. 

2.  If  the  community  reaction  encountered  in 
initial  operation  proves  to  be  more  adverse 
than  expected,  serious  or  even  prohibitive 
reductions  in  supersonic  range  could  result 
from  altering  operational  procedures  to 
reduce  senic  boom  level*. 

3.  A  small  domestic  SST  may  be  able  to  atain 
overpressure  levels  approaching  1  psf. 

4.  Cruise  sonic  boom  levels  for  future  hyper¬ 
sonic  aircraft  appear  to  be  less  critical 
than  for  typical  supersonic  cruise  aircraft 
of  the  same  weight  due  to  the  increased 
cruise  altitude.  However,  the  transonic 
acceleration  phases  will  still  be  a  critical 
problem  for  hypersonic  aircraft. 

As  in  similar  previous  studies  (see  capsule  sum¬ 
mary  OAP-9,  for  example)  the  main  drawback  of 
this  investigation  is  that  overpressure  is  the 
only  pressure  signature  characteristic  considered. 

OAP-11 

AIRPLANE  SIZE  AND  STAGING  EFFECTS  ON  SST  CRUISE  SONIC 

BOOM 

John  B.  Whitlow,  Jr. 

NASA  TND-4677,  July  I960 

This  report  presents  the  re( -  t*  of  an  analytical 
study  made  to  determine  chc  performance  require¬ 
ments  and  economic  penalties  involved  in  reducing 
the  cruise  sonic  boom,  os  various  of  a 

domestic-range  superset!  .  transport,  jb,  *  .tnspt 
was  made  t>  reduce  the  cli^b  z^.x~  since 
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dirt)  occurs  over  a  relatively  short  range  and 
can  perhaps  be  scheduled  over  sparsely  populated 
areas.  A  similar  study  was  made  to  determine 
the  improvement  in  cruise  sonic  boom  that  might 
be  obtained  by  use  of  a  two-stage  vehicle  having 
stage  separation  just  before  the  start  of  cruise. 

The  main  findings  of  this  investigation  were  as 
follows: 

1.  For  unstaged  airplanes  in  the  200-passenger 
category,  reductions  up  to  10  percent  in 
initial  cruise  boom  can  be  obtained  at  the 
expense  of  approximately  equal  percentaga 
increases  in  direct  operating  cost  (DOC) 

by  beginning  cruise  at  highcr-than-pay load- 
optimum  altitudes.  Greater  reductions  in 
sonic  boom  (up  to  a  maximum  of  about  39 
percent)  can  be  obtained  for  this  particular 
configuration  with  size  and  weight  reduc¬ 
tions  but  only  at  the  expense  of  severe 
DOC  penalties  (about  a. five-fold  Increase). 

2.  When  a  comparison  is  made  between  staged 
and  unstaged  vehicles  of  the  same  payload 
capacity,  the  results  of  this  study  show 
that  staging  will  provide  a  reduction  of 
only  about  5  percent  in  initial  cruise 
boom.  Staging  thus  offers  little  potential 
for  boom  reduction  even  though  the  technical 
problems  and  additional  expense  associated 
with  it  were  ignored  here. 

3.  The  higher  levels  of  performance  that  can  be 
expected  with  evolutionary  improvements  in 
the  design  of  airframes  and  kerosene-fueled 
engines  will  probably  lower  somewhat  the 
economically  attainable  levels  of  cruise 
sonic  boom.  To  completely  solve  the  problem, 
however,  a  new  approach  or  significant 
technological  advance  is  required. 

This  paper  does  an  excellent  job  of  demonstrating 
the  severe  performance  penalties  involved  in 
signif icantly  reducing  sonic  boom  levels  by  only 
using  operational  means.  The  main  weakness  of 
this  paper  as  in  most  similar  previous  sti-'ies 
(see  capsule  summary  OAP-9,  for  example)  is  that 
the  only  characteristic  of  the  sonic  boom  pressure 
Ciqnaturc  considered  is  the  overpressure. 

OAF-X* 

SONIC  BOOK  COWbIP5RaT;0«S  in  aircraft  design 
C.  S-  Howell,  A.  Slgalla,  ana  j:.  J.  Kane 
ABftRD  Conference  Proceedings  Uu,  -2.  Aurrsft  Engine 
Noise  «r.d  Sonic  How*,  Kay  1969,  pp.  iO-I  thru  »o-7 

This  paper  is  evhe-tn ed  tor  -ho  most  part,  with 
sonic  boom  minimization  concepts,  tot  a  summary 
of  tnat  portion  of  the  paper  tno  readei’  is  refer¬ 
red  to  capsule  summary  M-39.  Only  the  brief 
portion  of  the  paper  dealing  with  tn-  -ffects  of 
sonic  boom  reductions  on  airplane  .  rfonwnce 
will  be  summarized  here. 

The  figure  below  shows  the  wine;  area  and  engine 
size  increases  and  resulting  gross  weight  in¬ 
creases  required  to  climb  to  altitudes  higher 
than  optimum  for  range  in  order  to  reduce  sonic 
boom.  Fay load,  range,  and  landing  field  length 
requiisKents  were  held  constant  for  these  data. 

It  b«  seen  that  sonic  boon  reductions 
greair.r  ti:an  15  to  20  percent  are  prohibitive. 
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Effect  of  tonic  boom  onrpmtun  on  mpirntt  design 


The  results  shown  in  the  figure  above  emphasize 
the  fact  that  in  order  to  achieve  significant 
reductions  in  sonic  boom  without  severely 
penalizing  aircraft  performance  it  will  be 
necessary  to  use  some  other  swans  than  merely 
increasing  the  cruise  altitude. 


THEORETICAL  INVESTIGATIONS  OF  SONIC  ROOM  PHENOMENA 
R.  A.  Stt'ible i  C.  E.  Stewart,  E.  A.  Brown,  and 
A.  Ritter 

Wright  Air  Development  Center,  WADC  Technical  Report 
57-41::,  ASTIA  Document  No,  130883,  August  1957 

This  report  presents  a  very  extensive  discussion  of 
nue-ly  all  aspects  of  sonic  boom  theory  as  of  1957. 
The  following  topics  are  included  in  the  discus¬ 
sion:  U>  linear  theory;  (2)  nonlinear  effects; 

(3)  atmospheric  effects;  (4)  steady  state  effects; 
(’>)  nnn-stuady  state  effects;  (6)  effects  of  body 
shape;  (71  shock, wave  reflection;  (8)  response  of 
structures;  and  (9)  effects  of  multiple  bodies. 

This  is  an  excellent  suxmary  of  the  state  of  the 
art  of  sonic  boom  theory  as  of  1957. 


be  minimized  by  operating  the  airplane  at  its 
maximum  altitude  consistent  vith  its  performance 
capabilities . 

This  is  a  good,  concise  review  of  several  aspects 
of  early  sonic  boom  theory. 

S-3 

sort  Aspects  of  shock-wave  generation  b v  supersonic 

AIRPLANES 
G.  H.  Jordan 

AGARD  Report  251,  September  1959 

This  report  summarises  some  ol'  the  available 
theoretical  and  experimental  sonic  boom  investiga¬ 
tions  that  had  been  conducted  as  of  1959.  Hoot  of 
ths  conclusions  reached  in  this  report  were  later 
shorn  to  be  incorrect. 


IKK  SHOCK-WAVE  NOISE  PROBLEM  OF  SUPERSONIC 
AIRCRAFT  IN  STEADY  FLIGHT 
Dooenic  J.  Maglieri  and  Harry  W.  Carlson 
NASA  MEMO  3-4-59L,  April,  1959 

Data  are  presented  in  this  report  concerning 
the  nature  of  the  sonic  boom  problem,  the  signif¬ 
icant  variables  involved  and  the  manner  in  which 
airplane  operation  may  be  affected.  Flight  test 
data  are  given,  and  a  comparison  with  available 
theory  is  made.  An  attempt  is  also  mede  to  corre¬ 
late  Uio  subjective  reactions  of  observers  and  soma 
associated  physical  phenomena  with  the  pressure 
amplitudes  during  full-scale  flight. 

As  part  of  the  discussion  of  ths  theory,  the  fol¬ 
lowing  equation  is  given  for  the  bow  shock  over¬ 
pressure  of  an  N-vave; 


ap.k,k2| 


i(M2-l)i/8/ 


where  K 


K  «  ground  reflection  coefficient 

K*  «  body-shape  constant 

t  «  body  length 

i/d  »  body  finenees  ration 

H  *  airplane  Mach  number 

P  ■  ambient  pressure  at  altitude 

p‘  «  ambient  pressure  at  ground  level 

y  -  distance  normal  to  flight  path. 


This  equation  is  a  forts  of  Whitham's  asymptotic  equa¬ 
tion  (sou  capsule  summary  G-3) ,  and  It  was  used  in 
several  subsequent  investigations.  A  compariso-  * 
flight  tent  data  from  an  F-101  with  the  results 
calculated  tis.r.g  this  equation  showed  fairly  good 
igtai-re-nt. 

A  t4bl«-  in  given,  based  upon  early  test  results, 
which  gives  the  response  of  people  and  structures 
to  various  sonic  boom  intensities .  According  to 
this  'able,  booms  of  0.1  to  0.3  psf  sre  not  objee- 
i  ii  n  ihl'-,  booms  of  0.3  to  1.0  pef  are  tolerable, 
i  t-'-:-  l.o  to  *.0  psf  are  objectionable,  booms 
c ■  to  I'J.u  psf  cause  damage  to  large  plate- 
gij.-'i  windows,  and  booms  of  10.0  to  30.0  psf  cause 
darMgo  to  snail  barracks-type  windows. 

!n  .•••junction  with  airplano  operations  it  is  con- 
clud-d  that  the  boon  pressure  will  be  most  severe 
during  the  climb  and  descent  phases  of  the  flight 
plan.  It  is  pointed  out  that  the  boc«  prercur-js 
dun: q  t’.*-  cliob,  cruise,  aivi  descent  phases  can 


EXPERIENCE  0T  SUPERSONIC  PLY.ING  OVER  LAND  IN  THE 

UNITED  KINGDOM 

T.  R.  Kerr 

AGARD  Report  250,  September  1959 

This  report  presents  a  brief  discussion  of  the 
results  of  supersonic  flight  tests  conducted  over 
the  United  Kingdom  using  the  Fairy  Delta  2.  The 
discussion  summarises  the  restrictions  placed  on 
such  supersonic  flights  over  land,  the  instrumen¬ 
tation  used  to  measure  the  sonic  boom  intensities 
and  the  damage  and  physiological  sensations  caused 
by  sonic  booms,  tbs  discussion  of  each  of  these 
topics  is  very  general  and  brief. 
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SONIC  BOON 

A.  8.  Sonars 

The  Navy  Civil  Engineer,  December  I960,  pp.  21-23 

This  paper  presents  a  general  discussion  of  the 
factors  involved  in  the  investigation  of  sonic 
boom  damage  complaints.  The  topics  touched  upon 
include  the  generation  and  propagation  of  sonic 
booms,  response  of  structures,  technical  investi¬ 
gative  techniques,  and  reporting  and  expression 
of  technical  opinion. 


sort  CONSIDERATIONS  OF  SONIC  BOOM 
J,  Kenneth  power 

Federal  Aviation  Agency,  Office  of  Plans,  May,  1961 

This  paper  presents  s  discussion  of  several  aspects 
of  the  sonic  boom  problem.  The  following  topics 
;  -  .■  ded  in  this  discussion;  (1)  Whithorn'* 
.leoty;  {23  sonic  boom-volume  critical;  (3)  sonic 
boom-lift  critical;  {4)  effects  of  tsmpersture  and 
Wind;  (5)  cutoff  Had)  maxber;  (6)  lateral  spread; 
(7)  coafeined  volume  end  lift  theory;  (8)  comparison 
of  theory  and  flight-test  results;  {9}  ccmrsviscn 
of  sonic  boosts  and  point  source  axploeions; 

(10}  structural  reaction;  and  (11)  human  reset  ion. 

This  is  s  good  susmary  of  the  state  of  the  art  of 
sonic  boom  theory  an  of  3961. 


A  1KVHW  or  THEORETICAL  AND  EXPERIMENTAL  INFORMA¬ 
TION  RELATING  TO  THE  SONIC  SOON 
N.N.C.  Lystsr 

National  Research  Council  of  Canada,  Aeronautic* I 
Report  LR-313,  Sepfc.aber  1961 


In  this  report  a  review  ..■£  sonic  boo*  theory  is 
presented  and  comparisons  with  experimental  data 
are  made.  The  topics  discussed  include  hnitham's 
theory,  cutoff  Mach  number,  acceptable  overpres¬ 
sure  Unit,  and  the  effects  of  teaperature  and 
wind  gradient*. 

Whitham's  theory  (see  capsule  tu**ary  0*3)  is 
discussed  briefly  in  conjunction  with  sonic  br-.. 
volume  theory,  and  sonic  boo*  lift  theory  iv  , "  ■ 
touched  upon.  Fro*  a  comparison  of  exp  r  irva. 
and  theory  it  is  concluded  that  the  sonic  • 
voluae  theory  is  a  valid  approximation  to  tfc; 
total  overpressure  for  flight  altitudes  up  to  t  .s 
tropepause. 

In  conjunction  with  the  cutoff  Mach  mnber  dis¬ 
cussion,  an  expression  is  derived  which  related 
the  cutoff  Mach  master  for  lawtl  flight  to  that 
of  climbing  flight.  Lina,  at  al.  derived  a 
sinilar  expression  in  an  earlier  paper  (see  caj>- 
sulc  siuitary  T!i-2) . 
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SONIC  BOOM 

Herbert  A.  Wilson,  Jr. 

Scientific  American,  Vol.  206,  No.  1,  January  1962, 
pp.  36-43 

Tnis  is  an  introductory-type  article  dealing  with 
sonic  boom  generation,  propagation,  an-1  minimization. 
The  concepts  of  shock  formation,  refraction  of 
shock  waves  by  the  atmosphere,  and  cutoff  Mach 
number  are  c-xplained  in  a  very  straightforward 
manner,  relying  heavily  on  the  use  of  illustrations. 
In  conjunction  with  the  discussion  of  sonic  toon 
minimization,  it  is  concluded  that  a  breakthrough 
that  1)1  eliminate  sonic  boom  as  a  problem  seems 
most  unlikely.  However,  by  careful  design  of  the 
airliner,  with  special  consideration  given  to 
configuration  and  structure  and  possibly  ar.  extra 
margin  of  engine  performance,  it  may  be  feasible  to 
l?ep  the  booms  from  reaching  the  ground  at  an 
objectionable  intensity. 
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SONIC  BANG  AMD  ITS  piKBLEli b 
S.  M.  Sbfthxar 

H.A.3..  Technical  Society  Digest,  Vol.  2,  1962, 
pn.  31-37 

A  very  brief  review  of  sonic  boom  generation, 
propagation,  and  minimization  is  presented  ip  this 
paper.  The  topics  touched  upon  includes  (1)  beta 
intensity  due  to  volume*  (2)  bocs*  Irtensity  d-;« 
to  lift*  (3)  cut-off  Mach  n>jeter *  and  »',)  the  uso 
of  aerodynami  c  interference  to  p*.  daily  suppress 
the  boar,  do-  t.-  lift. 
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%r^  3COM  ASfc  'XfMINm  RELATIONS 
J.  F.  Vuvur  and  * eorge  Bates 

Paper  Presented  at  National  Aero-Nautical  Meeting, 
Washington,  C.C. ,  April  8-11,  1963 

This  p.-ip^r  presents  a  review  of  seme  preliminary 
s-.cncpi  ishmerts  by  the  FAA  and  NASA  in  generating 
working  methods  for  predicting  the  strength  and 
location  of  sonic  boo*  shock  waves,  in  deter¬ 
mining  the  effects  of  sonic  booms  an  light  aircraft, 
and  determining  ;oe»unlty  tolerance  to  various 
levels  of  sonic  boo*  intensity.  The  following 
conclusions  are  reached  as  a  result  of  this  review* 


1.  Bm  general  theory  for  prediction  of  sonic 
boo*  overpressures  is  in  good  agreement  with 
available  data. 

2.  With  the  range  of  overpressures  resulting 
fro*  a  commercial  supersonic  transport,  no 
ground  structural  damage  will  result. 

3.  Overpressures  up  to  20  psf  will  not  cause 
damage  to  light  aircraft. 

4.  Sonic  boons  will  cause  no  physiological 
harm  to  h unant. 

5.  Sonic  boom  limits  must  be  considered  in 
initial  aircraft  dasign. 

6.  Aircraft  operational  proced  es  can  mini¬ 
mize  ground  overpressures. 
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DEFINING  THE  SONIC-BOOM  PROS LEM 
Herbert  A.  Hutchinson 

Astronautics  and  Aerospace  Engineering,  Dec.  1963, 
pp.  56-61 

A  review  is  preaented  in  this  paper  of  the  con¬ 
cepts  involved  in  designing  supersonic  aircraft  to 
produce  sonic  boons  that  are  More  acceptable 
to  the  public.  Soric  boo*  generation  theory 
and  the  effects  of  sonic  boons  on  people  and 
structures  are  discussed  briefly.  The  results 
of  a  study  conducted  at  the  L’SAF  Aeronautical 
Syatems  Division  ernceming  the  s-expreasures 
of  varicuj  supersonic  tra-spcic  configurations 
are  then  discussed.  The  following  conclusions 
were  reached  a*  i  result  of  this  study. 

1.  In  order  to  verify  sor.ic  boos*  prediction 
methods,  additional  flight  teat  data  using  a 
vehicle  and  weight  similar  to  the  supersonic 
transport  category  were  felt  to  be  necessary. 

2.  Significant  reduction  in  overpressure 
was  felt  to  be  possible  through  careful 
design. 

3.  Major  emphasis  in  propulsion  study  Should 
be  placed  on  raising  the  maximum  altitude 
limit  of  the  engine-operating  envelope  to 
permit  acceleration  from  lew-  to  high- 
supersonic  Mach  numbers  at  high  altitudes. 

•i.  Vehicle  weights  and  dimensions  must  be 
Meld  to  the  absolute  minimi*  required  to 
accomplish  the  design  mission, 

5.  Every  effort  should  be  made  to  achieve  tha 
lowest  possible  overpressures  consistent 
with  good  operating  economics. 
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FACTORS  AFFECTING  COMMUNITY  ACCEPTANCE  OF  THE 
SONIC  BOOM 

Harvey  H,  Hubbard  and  Domenic  w.  Maglieri 
NASA  TKX-905,  proceedings  of  NASA  Conference  on 
Supersonic-Transport  Feasibility  Studies  and 
Supporting  Research,  Oocenter  1963,  pp.  399-412 

A  di-eussion  is  presented  in  this  paper  of  aonic 
boom  ground  exposure  levels  for  military  operations 
and  the  asnner  in  which  these  exposures  are  affected 


by  the  atmosphere  end  by  aircraft  maneuvers, 
brief  re«*r)ti  are  included  about  various  opera¬ 
tions  for  which  scale  response  information  had  been 
obtained,  it  *.s  concluded  that  experience  with 
Military  aircraft  was  in  the  range  of  overpres¬ 
sure  of  interest  but  was  otherwise  not  definitive 
enough  for  makinr  a  quantitative  evaluation  of 
the  sonic  booat  problem. 
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NOISE  AfJD  SONIC  BOOM  CONSIDERATIONS  IN  THE  OPERA¬ 
TION  OF  SUPERSONIC  AIRCRAFT 
Harvey  H.  Hubbard  and  Domenic  J.  Maglieri 
ICAS  Paper  No.  64-58,  Presented  at  the  Fourth 
CorgieiS-ONESCO  Building,  Paris,  France,  A ugv.-t 
24-23,  196-5 

In  this  paper  'he  nature  of  the  community  noise 
profciiti  is  reviewed  a».<d  is  evaluated  particularly 
for  initial  olinbout,  landing  approach,  and 
ground  operations.  Also  Mentioned  is  the 
noise- induced  structural  response  problem  during 
takeoff  and  cruise.  Discussions  are  given  of 
sonic  boom  ground  ovfifpressure  exposures  for  super¬ 
sonic  flight  operation  of  the  then-current  aircraft 
and  the  manner  in  which  these  exposure  sre 
affected  by  the  atmosphere  and  by  aircraft  maneu¬ 
vers.  Brief  remarks  are  included  about  various 
operations  for  which  soma  sonic  boom  community 
response  information  had  been  obtained  and  for 
which  building  response  was  noted  to  be  an 
important  factor. 

It  was  concluded  that,  although  the  physical 
nature  of  the  sor.ic  boom  problem  was  fairly  well 
understood,  some  of  its  effects,  particularly  on 
ccraunities,  were  still  not  well  defined. 
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THE  NATURE  OF  THE  SONIC  BOOK 

H.  ti.  C.  Lyster 

Materials  Research  and  Standards,  Vol.  4,  No.  11, 
November  1964,  pp.  532-537 

This  paper  presents  a  general  discussion  of  sonic 
boom  theory.  The  topics  discussed  include: 

(1)  generation;  (2)  relation  of  aircraft  param¬ 
eters  to  boom  intensity;  (3)  atsiospheric  effects; 
(4)  cut-off  Mach  number;  (5)  ground  reflection 
factor;  and  (6)  focusing  effects. 
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SONIC  BvvjM  EXPOSURES  DURING  FAA  COtKUNIW-RESPONSJE 
STUDIES  OVER  A  6- MONTH  PERIOD  IN  THE  OKLAHOMA 
CITY  AREA 

David  A.  Hilton,  Vera  Huckel,  Roy  Steiner,  and 
Domenlc  J.  Maglieri, 

NASA  TND-2539,  Decesber  1964 

The  purpose  of  this  paper  is  to  document  the  sonic 
bcora  pressure  exposures  during  the  Oklahoma  City 
sonic  boom  experiments,  which  were  carried  out 
from  February  3,  1964  to  July  30,  1964.  Data  are 
tabulated  for  each  flight  so  that  they  may  be  cor¬ 
related  with  information  generated  by  other  organ¬ 
izations  which  participated  in  this  program.  Also 
included  are  analyses  of  some  specific  sets  of 
data  such  as  catcg- "isations  of  waveforms  and 
statistical  breakdown*  of  overpressures  and  posi¬ 
tive  impulses.  These  analyses  led  to  the  follow¬ 
ing  conclusions: 

1.  Hide  variations  in  ground  signature  were 
observed  with  corresponding  wide  variations 


in  the  peak  overpressure  and  to  a  lesser 
degree,  variations  In  the  positive  impulse 
function. 

2.  Variations  in  overpressure  and  impulse  may 
be  represented  by  a  log  normal  distribution 
over  the  significant  ranges. 

3.  One  percent  of  the  measured  overpressures 
equaled  or  exceeded  the  predicted  values  by 
a  factor  o:  1.5  to  3.C  depending  on  the 
distance  relative  to  the  ground  track;  the 
larger  factor  was  associated  with  the  larger 
distances  and  with  the  lower  predicted  value. 

4.  One  percent  of  the  measured  positive  impulse 
values  equaled  or  exceeded  the  predicted 
values  by  a  factor  of  about  1.2  and  2.0 
depending  on  the  distance  fro*  the  ground 
track,  the  large  factor  being  associated 
with  the  larger  distances  and  with  the  lower 
predicted  value. 

5.  Measurements  at  several  points  for  a  given 
flight  show  also  a  variation  in  wave  shape  as 
a  function  of  distance  in  the  direction  of 
flight.  An  orderly  progression  of  wave 
shape  is  suggested  by  the  data  from  a  highly 
peaked  wave  at  one  point  to  a  rounded-off 
wave  at  another  and  vice  versa. 

6.  Measured  pressure  signatures  inside  of  a 
building  were  lewer  in  amplitude  and  longer 
in  duration  than  the  corresponding  outside 
pressure  signatures  and  were  dominated  by 
frequency  components  corresponding  to  the 
principal  vibration  modes  of  the  building. 

7.  The  levels  of  the  pressure  inside  of  a 
building  in  the  range  of  freq-dfer.cie#  ICC  to 
5,000  epe  are  about  33  dB  lower  tnan  those 
in  the  range  0.1  ro  5,000  cps;  thus,  an 
inside  observer  is  subjected  to  strong  pres¬ 
sure  variations  in  the  subaudible  range  and 
relatively  weak  pressure  variations  in  the 
audible  range. 

8.  For  equal  outside  peak  cverpressur. 
peak  pressures  inside  a  residential--  ype 
structure  were  greater  for  a  longer  wave 
length. 

9.  Inside  peak  pressures  were  found  to  corre¬ 
late  veil  with  variation  in  the  positive 
impulse  function  of  the  outside  pressure 
signature.  For  a  given  wave  length  they 
did  not  vary  appreciably  for  marked  varia¬ 
tions  in  the  wave  shape. 

This  is  a  good  survey  of  some  of  the  general  find¬ 
ings  of  the  Oklahoma  City  tests.  For  a  discussion 
of  the  specific  results  of  the  community  response 
studies  and  structural  response  studies  the  reader 
is  referred  to  capsule  salaries  HRSC-14  and  SR-12, 
respectively.  For  a  discussion  of  the  results 
concerning  sonic  boom  propagation,  the  reader  is 
referred  to  capsule  summary  P-43 
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UNITED  STATES  SUPERSONIC  TRANSPORT  DEVELOfMENT 
PROGRAM  SONIC  BOOM  AND  NOISE  RESEARCH 

J.  K.  Power 

Society  of  Automotive  Engineers,  Paper  No.  650215, 
Presented  at  National  Aeronautic  Meeting,  Washington, 
D.C.,  April  12-15,  1965 


This  paper  presents  a  brief  review  of  sonic  boo* 
feneration  theory  and  of  the  results  of  the  sonic 
boo*  prof raws  conducted  at  Oklahoma  city  (tee  cap* 
stile  suamary  S-15)  and  White  Sands  (fissile  Range, 

Hew  Mexico  (see  capsule  saesary  SR- 16) .  This  is 
a  good,  concise  summary  of  these  studies. 
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PREDICTION  OF  AIRPLANE  G5UC-B00M  PRESSURE  FIELDS 
Harry  w.  Carlson,  F.  Edward  He Lean  and  Wilbur  D. 
Middleton 

NASA  Langley  Research  Center,  NASA  5P-83  Conference 
on  Aircraft  Operating  Problews,  May  10-12,  1965, 
pp.  235-244 

This  paper  presents  a  discussion  of  the  sensi¬ 
tivity  of  supersonic  transport  design  and  operation 
to  sonic  boos  considerations  and  shows  the 
necessity  for  a  study  of  these  problews  sarly 
in  the  development  prograw.  Methods  of  predicting 
pressure  signatures  are  outlined  and  examples  of  the 
correlation  of  these  estimates  with  “ind  tunnel 
and  flight  measurement  are  shown.  Estimates  of 
sonic  boost  characteristics  for  a  representative 
supersonic  transport  show  that  in  the  critical 
transonic  acceleration  portion  of  the  flight, 
overpressures  somewhat  lower  than  estimated  by 
use  of  the  far- field  assumptions  way  be  expected. 
Profflising  design  possibilities  for  the  achieve¬ 
ment  of  further  overpressure  reductions  are 
explored. 


SIGNIFICANCE  OF  THE  ATMOSPHERE  AND  AIRCRAFT  OPERA¬ 
TIONS  OK  SONIC-BOOM  EXPOSURES 
Dosenie  .1,  Maglien  and  David  A.  Hilton 
NASA  Langley  Research  Center 

NASA  5P-83,  Conference  On  Aircraft  Operating  Prob¬ 
lems,  May  10-12,  1965,  pp.  245-256 

The  information  of  this  paper  is  in  the  for*  of  a 
status  report  on  the  state  of  knowledge  of  sonic 
boos  pner.oscr. a,  dealing  first  with  the-  pressure 
buildups  in  the  transonic  speed  range  and  with 
the  lateral  extent  of  the  pattern  is  steady  flight 
for  quiescent  atmospheric  conditions.  There  are 
•Iso  discussions  of  flight  test  studies  relating 
to  atmospheric  dynamic  effects  on  the  sonic  boom 
signatures,  and  finally  brief  discussions  of  the 
significance  of  signature  shape  on  the  respor.se 
©f  people  and  structures. 

The  following  conclusions  were  reached  as  a 
result  of  this  review: 

1.  the  acceleration  and  lateral-spread 
phenomena  were  felt  to  be  fairly  well 
understood  and  predictable. 

7.  Variations  in  the  sonic  boom  signature 
as  a  result  of  the  effects  of  the  atmos¬ 
phere  tan  be  expected  during  routine  opera¬ 
tions. 

3.  Very  similar  variations  in  pressure  signa¬ 
ture*  were  noted  for  both  fighter  and 
bolder  aircraft. 

4.  The  greatest  questions  were  felt  to  exist 
in  the  area  of  coamnity  acceptance  of 
sonic  booms. 
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SONIC  BOON 
E.  J.  Richards 
Science  Journal,  Vol. 


L,  May  1965,  pp.  46-51 


This  paper  presents  a  review  of  the  sonic  boom 
problem.  Topics  included  in  the  review  are: 

(1)  response  of  the  human  ear  to  various  noise 
levels:  (21  sonic  boom  generation:  (3)  struc¬ 
tural  response:  and  (4)  human  response.  The 
discussion  in  each  of  these  areas  is  very  gen¬ 
eral  and  brief. 
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SONIC  SOCM  RESEARCH  AMD  DESIGN  CONSIDERATIONS  IN 
THE  DEVELOPMENT  OF  A  COfWERClAL  SUPERSONIC  TRANS¬ 
PORT  (SST) 

Thomas  H.  Higgins 

Paper  Presented  at  the  Seventieth  Meeting  of  the 
Acoustical  Society  of  America,  St,  Louis,  Missouri, 
November  3,  1965 

A  short  history  of  sonic  boom  research  and 
related  operational  considerations  in  the  devel¬ 
opment  of  a  commercial  supersonic  transport  is 
presented  in  this  paper.  The  two  sonic  boom 
programs  conducted  at  Oklahoma  City  {see  capsule 
summary  S-15)  and  at  the  White  Sands  Missile 
Range  (see  capsule  surma ry  SR-16)  are  discussed 
and  a  brief  summary  of  the  findings  of  these 
progress  is  presented. 

S-21 

THE  SGHIC  Be SOJ, 

Harry  W.  Carlson  and  F.  Edward  McLean 
International  Science  and  Technology,  Vol.  55, 

July  1966 

This  paper  presents  a  very  general  discussion  of 
the  factors  imolved  in  the  generation,  propa¬ 
gation  and  minimization  of  sonic  booms. 
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MATURE  OF  THE  S4J1K  BOOM  PROBLEM 
Harvey  H.  Hubbard 

The  Journal  of  the  Acoustical  so-  ty  of  America, 

VOl.  39,  Mo.  5,  Part  2,  1966,  p-  51-59 

A  general  review  of  the  veri©.,  factors  involved 
in  the  sonic  boom  problem  is  presented  in  this 
paper.  Included  in  the  discussion  are  the  follow¬ 
ing  topics:  {!)  aircraft  design:  (2)  aircraft 
operation,  (39  atmospheric  effects:  (4)  lateral 
extent:  (5)  w-wave  frequency  spectrum:  (6)  load¬ 
ings  ©?)  buildings:  (?)  ground  motions:  (8)  effects 
on  other  aircraft:  and  (9)  hi*ar.  response.  The 
discussion  of  each  of  these  topics  is  very  brief, 
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EXPERIENCE  IN  THE  UNITED  KINGDOM  ON  THE  EFFECTS 
OF  SONIC  BANGS 
C.  H.  E.  Warren 

The  Journal  of  the  Acoustical  Society  of  America, 

Vol.  39,  No,  5,  Fart  2,  1966,  pp.  S59-S64 

This  paper  siaaaarizes  the  results  of  various  flight 
test  studies  that  wen  conducted  in  the  United 
Kingdom  during  the  1960-65  time  period.  The 
exercises  summarized  are  the  following:  (1)  Exer¬ 
cise  Cracker jack:  (2)  Exercise  Firecracker: 

(3)  Exercise  Napoleon;  (4)  Exercise  yellow- 
hammer;  and  (5)  Exercise  Westminster. 


Exercise  Crackerjack  consisted  of  a  series  of 
demonstrations  of  the  sonic  boo*  intensities  that 
would  result  f re*  c ,vil  supersonic  flight.  These 
demonstrations  were  made  frot*  >Tuly  1961  to  July 
1963  to  audiences  composed  mainly  of  officials 
of  the  mini',  cry  of  aviation,  The  booas  were 
generated  by  Lightning  aircraft  in  straight, 
level,  and  steady  flight  and  by  the  firing  of 
pairs  of  explosive  charges.  Measurements  were 
made  of  the  physical  characteristics  of  the 
sonic  booms,  and  the  reactions  of  the  audience 
to  the  booms  were  obtained.  The  reader  is 
referred  to  capsule  suanary  HRSC-2J  for  sore 
information  on  this  exerci.e. 

Exercise  Firecracker  consisted  of  a  single 
demonstration  of  booms  of  an  intensity  nominally 
greater  than  those  that  would  be  expected  from 
civil  supersonic  aircraft  to  about  a  dozen 
officials  of  the  Ministry  of  Aviation.  All  booms 
wore  simulated  by  the  firing  of  pairs  of  explo¬ 
sive  charges.  Measurements  of  the  intensity  of 
the  simulated  booms  was  made  both  indoors  and 
outdoors,  and  the  opinions  of  the  audience 
were  obtained. 

Exercise  Napoleon  consisted  of  the  measure¬ 
ment  of  the  intensities  of  sonic  booms  resulting 
from  Lightning  aircraft  operations  over  the 
south  coast  resort  of  Lyne  Aegis  during  April 
and  May  of  1963.  The  boom  intensities  were 
measured  in  various  typical  British  domestic 
interiors,  as  well  as  outdoors. 

Exercise  Yellcwharv.  was  a  study  of  the  sub¬ 
jective  reaction  of  \  small  community  (280  people) 
to  a  14-week  program  of  simulated  sonic  booms 
made  by  the  firing  of  pairs  of  explosive  charges. 
The  study  was  conducted  during  the  suat-er  of  1963. 

Exercise  Westminster  was  a  sonic  boor,  cemor.- 
straticr,  made  in  April  1965  to  Masters  cf  Parlia¬ 
ment,  representatives  of  local  government,  the 
Press,  and  representatives  from  the  Ministry  of 
Aviation.  There  were  6  actual  boom-..  generated 
by  Lightning  aircraft,  10  simulated  booms  generated 
by  firing  pairs  of  explosive  charges,  and  4  fly¬ 
overs  of  a  subsonic  jet  resulting  in  a  noise  level 
of  110  PNdB.  Measurements  wen  made  of  the  boom 
characteristics,  and  the  opinions  of  the  observ¬ 
ers  were  obtained.  The  reader  i.v  referred  to 
capsule  summary  S-28  for  further  details  of  this 
exercise. 

The  results  of  the  above  studies  era  summarized , 
and  it  is  concluded  that  the  findings  in  the 
United  Kingdom  on  ground  reflection  effects,  com¬ 
parison  with  theory,  statistical  variation,  and 
indoor  intensity  are  in  broad  agreement  with  the 
findings  of  studies  that  have  been  conducted 
in  the  United  States.  It  was  felt  that  the  sub¬ 
jective  studies,  although  smaller  in  stale 
than  those  conducted  in  the  United  State*,  were 
complementary,  the  main  contribution  being  in 
work  concerned  with  determining  the  subjective 
intensity  of  sonic  booms. 

This  is  an  excellent  summary  of  early  flight-test 
research  in  the  United  Kingdom.  A  later  paper  by 
Warren  (aa*  capaule  suanary  3-46)  simvarizes  the 
sonic  boom  studies  conducted  in  the  United  King¬ 
dom  from  1965  to  1970. 
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THE  NATURE.  MEASUREMENT,  AND  CONTROL  OF  SONIC  BOOMS 
Harvey  H.  Hubbard  and  Domenic  J.  Maglieri 
Institute  of  Electrical  Engineers  Conference 
Publication,  Presented  at  Conference  on  Acoustic 
Noise  and  Its  Control,  London,  No.  26,  Jan.  1967, 
pp,  46-49 

This  is  a  brief,  general  discussion  of  the  basic 
concepts  underlying  the  generation,  propagation, 
and  measurement  of  sonic  booms,  and  the  response 
of  people  to  booes, 

S-25 

SONIC  BOOH  AND  THE  SST 

Jim  R.  Thompson  and  John  E.  Parnell 

Aircraft  Engineering,  March,  1967,  pp.  14-18 

A  broad  review  of  the  sonic  boom  problem  is  pre¬ 
sented  in  this  paper.  The  topics  discussed 
include:  (1)  basic  concepts  of  sonic  boom  genera¬ 
tion;  (2)  minimization;  (3)  effects  of  varying 
flight  profile;  (4)  human  response;  (5)  the 
Lockheed  sonic  boom  simulator  (see  capaule  sum¬ 
mary  SN-6;  and  (6)  structural  response. 

S-26 

A  SURVEY  OF  SONIC  BOOH  COMUNXTY  OVERFLIGHT  PROGRAM 
OVERPRESSURE  DISTRIBUTION,  COMMUNITY  REACTION, 

AND  MATERIAL  FAILURE  DATA  RELATED  TO  THE  SUPERSONIC 

T.tANSPOCT 

Thomas  H.  Higgins 

Federal  Aviation  Administration  Paper,  April  7,  1967 

A  discussion  is  presented  in  this  paper  of  the 
probability  of  the  Boeing  SST  concept,  the  B-2707, 
causing  human  annoyance  and  structural  damage. 

A  survey  of  the  results  of  major  overflight 
programs  concerning  structural  response  and  human 
response  to  sonic  boons  is  made,  and  the  results 
of  this  survey  are  used  in  conjunction  with  the 
calculated  sonic  boom  characteristics  of  the 
B-2707  to  arrive  at  the  following  conclusions i 

1.  The  6—2707-109  SST  would  generate  overpres¬ 
sures  during  cruising  flight  of  4.4  psf 
under  the  flight  track  only  one  time  in  ten 
thousand  as  a  result  of  the  statistical 
variation  of  atmospheric  effects. 

2.  overpressures  of  5.2  psf  under  the  flight 
track  would  he  generated  one  time  in  ten 
thousand  during  transonic  acceleration  and 
climb. 

?.  Major  city  supersonic  overflight  programs 
have  generated  community  reaction  complaint 
data  which  occur  one  time  ir.  one  hundred 
thousand. 

4.  Representative  building  materials— piaster 
on  wood  lath,  gypsum  board  (old),  bathroom 
tile  (old) ,  damaged  suspended  ceiling  (new) , 
and  stucco  (new)  will  experience  minor  dam¬ 
age  at  overpressure  values  ranging  from  3.3 
to  5.0  psf  less  than  one  time  in  ten  thousand. 

5.  Window  glass  of  various  sizes  and  thicknesses 
will  fail  at  overpressures  ranging  from  1.0 
to  5.0  psf  with  the  chance  for  a  slight 
crack  occurring  less  than  one  tine  in  one 
hundred  thousand. 
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Based  on  these  results,  several  recos 
future  studies  were  Made. 


•ndatioa*  for 


This  paper  presents  a  good  discussion  of  the 
statistical  likelihood  of  a  typical  SST  causing 
Structural  damage. 
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BRIEF  REVIEW  OF  THE  BASIC  THEORY 

Wallace  D.  Hayes 

NASA  BP- 147,  Sonic  Boot*  Research,  1967,  pp.  3-7 

A  brief  review  is  presented  in  this  paper  of  jonir 
boos  generation,  propagation,  and  minimization 
theory,  included  in  this  discussion  are  the 
following  topics:  (1)  geometrical  acoustics; 

(2)  sound  rays;  (3)  ray  tube  areas;  (4)  age  vari¬ 
able;  (5)  supersonic  area  rule;  (6)  Blokhintzev 
invariant;  (7)  fihitham’s  theory*  (8)  nonlinear 
effects;  and  (9)  volume  and  lift  effects. 


PHYSICAL  CHARACTERISTICS  OF  THE  SONIC  BANGS  AND 

Cither  events  at  exercise  Westminster 

d.  R.  S.  Webb  and  C.  H.  E.  Warren 

Aeronautical  Research  Council,  ft.  t  M.  Ho.  3475,  1967 

Exercise  Westminster  consisted,  primarily,  of  a 
some  boom  demonstration  conducted  on  April  21, 
1965.  The  demonstration  was  staged  mainly  for 
Messers;  of  Parliament,  but  also  ' -eluded  in  the 
audience  of  some  250  people,  were  representatives 
of  iocai  government,  associations,  organizations 
concerned  with  the  introduction  of  civil  super¬ 
sonic  aircraft,  and  guests  from  some  foieign 
governments. 

Ir.  addition  to  the  actual  sonic  booms,  which 
were  generated  by  Lightning  aircraft,  there 
v*-Ve  some  simulated  boons,  generated  by  firing 
;■  ,i  rs  of  explosive  charges,  and  so*o  flyovers 
•  a  subsonic  jet.  The  same  program  of  events 
«•  «  staged  twice,  in  the  morning,  when  '.ho 
.  itcr.ce  experienced  it  outdoors,  and  in  the 
-arnoc n,  when  the  audience  experienced  it 
ioors. 

v.  -asive  monitoring  of  the  actual  and  simulated 
t.  as  was  performed  and  some  subjective  studies 
-  ,u  ,lving  a  jury  were  conducted.  Experts 
observed  the  effects  of  the  booms  on  buildings 
„:*>  on  livestock.  The  present  report  describes 
how  the  exercise  was  conducted  from  an  opera¬ 
tional  point  of  view  and  what  monitoring  measure¬ 
ments  were  made. 
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SONIC  BOOHS 
Harvey  H.  Hubbard 

Physics  Today,  Vol.  21,  Feb.  1968,  p.i.  31-37 

This  paper  presents  a  broad  general  review  of 
sonic  boom  theory  and  the  results  of  some  of 
the  sonic  boom  flight-test  experiments  that  havu 
been  conducted.  Topic*  discussed  include; 

(1)  generation;  (2)  prominent  boom  researchers; 

(3)  energy  spectra  of  N-waves;  (41  lateral  spread; 
(5)  atmospheric  effects;  (6)  human  response* 

(7)  structural  response;  and  (d)  damage  reports. 
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REVIEW  OF  SONIC  SOON  THEORY 
Wallace  0,  Hayes 

AFOSR-UTIAS  Symposium  on  Aerodynamic  Noise,  Toronto 
May  20-21,  1968,  pp.  387-396 

This  paper  presents  a  review  of  standard  sonic 
boom  theory.  Particular  emphasis  is  placed  on 
the  propagation  of  sonic  booms  in  a  horizontally 
stratified  atmosphere  with  horizontal  winds.  The 
theory  is  described  as  geometric  acoustics  plus 
a  modification  for  nonlinear  effects.  Similitude 
law*  are  presented  for  the  flow  near  a  caustic, 
where  the  standard  theory  fails.  Por  details  of  the 
modified  theory  of  geometric  acoustics  and  the 
similitude  laws  for  caustics,  the  reader  is  refer¬ 
red  to  capsule  summaries  F-M  and  P-35 , 
respectively. 

The  portion  of  this  paper  dealing  with  propa¬ 
gation  gives  a  very  good  mathematical  description 
of  the  theory.  A  later  review  by  Hayes  (see  capsule 
summary  3-42)  does  not  go  into  the  mathematics 
of  propagation  theory  in  as  much  depth  as  the 
present  paper,  however  it  covers  a  much  breeder 
range  of  topics  concerning  sonic  booms  .bar,  does 
the  present  paper. 
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RECENT  RESULTS  OF  SONIC  BOOM  RESEARCH 
Harvey  H.  Hubbard 

AFCSR-tiriAS  Symposium  on  Aerodynamic  Noise,  Toronto 
May  20-21,  1968,  pp.  397-4 OR 

A  brief  state  of  the  art  review  of  sonic  boom 
technology  is  presented  .“.r.  this  paper.  Topics 
discussed  include;  (1)  basic  physical  phenomena; 

(25  influence  e£  the  atmosphere;  (3)  effects  on 
structures;  and  (4)  effects  cr.  people. 

S-32 

A  SURVEY  OF  SONIC  BOOM  THEORY 
K.  Seebass 

MASA-CR- 109838,  Jjr.e  •?,  1968 

This  report  is  exactly  the  same  as  the  one  dis¬ 
cussed  ir,  capsule  summitry  £-33.  The  reader  is 
r^icired  to  that  capsule  surmary. 
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RESULTS  OF  RECENT  NASA  RESEARCH  PERTINENT  TO 
AIHCRATT  SOTSE  AND  SONIC  BOOK  ALLEVIATION 
Harvey  H.  Hubbard,  Dooenie  J.  Maglicri,  ard 
William  H.  Mayes 

ICAS  Paper  Mo.  68-02,  Presented  at  The  Sixth 
Congress  cf  the  International  Council  at  the 
Aeronautical  Sciences,  Scutches  Museum,  Mik hen 
Germany,  Sept.  9-13,  i 966 


A  brief  review  is  presented  ir.  this  paper  of 
research  conducted  by  NASA  involving  the 
alleviation  of  aircraft  noise  and  sonic  boom. 
The  topics  discussed  concerning  sonic  boom  in¬ 
clude:  (I)  aircraft  design  considerations; 

(2)  signature  variability;  (3)  ovei pressure 
probability  distributions;  C4)  aircraft  opera¬ 
tional  factors;  (5)  sonic  boom  simulation; 

(6)  structural  response:  (7)  seismic  response; 
and  (8)  human  response. 


S-34 

SONIC  BOOM  RESEARCH  (1558-1960) 

Johnny  M.  Sards 

Federal  Aviation  Administration  Report)  Nov.  1968 

A  brief  chronology  of  sonic  boo*  research  is 
presented  in  this  report.  The  report  is  divided 
into  three  parts.  Part  I  presents  a  chrono¬ 
logical  listing  of  the  various  field  research 
programs,  identifies  the  government  agencies 
involved,  and  provides  a  brief  * jsaary  of  the 
•vrk  accomplished.  Part  II  describes  sane  of 
the  laboratory  experiments  and  theoretical 
studies  that  have  been  conducted  under  govern¬ 
ment  sponsorship.  Part  III  contains  s  listing 
of  publications  resulting  fro©  these  research 
programs. 

3*  35 

STATE  OF  THE  ART  OF  SONIC  BOOK  THEORY 
Hal lace  0,  Hayes 

NASA  SP-I80,  Second  Conference  on  Sonic  Boo© 
Research.  1963,  pp.  181-182 

A.  very  brief  and  general  discussion  of  the  state 
of  the  art  of  sonic  boo©  theory  as  of  1968  is 
presented  ir.  this  paper.  The  important  points 
tsade  are  as  follows! 

1.  Propagation  of  sonic  boons  frees  slender 
aircraft  can  b«  adequately  calculated 
using  linear  theory  and  geometric  acoustics 
together  with  a  nonlinear  modification  of 
the  signature. 

2.  The  problem  of  predicting  sonic  booe  sig¬ 
natures  near  a  caustic  remains  unsolved. 

3.  Other  problem  areas  in  the  theory  include 
that  of  nonlinear  effect  or.  ray  tubes, 
diffraction  into  shadow  ror.es,  and  non¬ 
linear  effects  near  the  aircraft. 

4.  More  work  is  needed  concerning  the  effects 
of  atmospheric  turbulence. 

5.  The  one  inescapable  parameter  controlling 
Kinisur.  sonic  boo©  intensity  is  the  lift 
of  the  aircraft  plus  a  term  which  depends 
upon  the  increase  of  engine  jet  exit  area 
over  capture  area. 

Hayes  presented  a  euch  more  coeiplete  and  exten¬ 
sive  suenary  of  the  state  of  the  art  of  sonic 
boo©  theory  in  a  later  paper  (see  capsule 
summary  S-42) . 
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AERODYNAMICS,  NOISE,  AND  THE  SONIC  BOOM 
W.  R,  Sears 

AIAA  Journal,  Voi.  7,  No.  4,  April,  1969 

In  the  brief  portion  of  this  paper  dealing  with 
sonic  boon  a  review  is  presented  of  basic 
concepts  in  sonic  boon  generation  and  mini¬ 
misation  theory.  Topics  discussad  include; 

(1)  Hhitham's  theory;  (2)  supersonic  area  rule; 
(3)  signature  "freesing*  in  a  density-stratified 
a too sphere;  and  (4)  sonic  boom  reduction  by 
engine  streamtube  modification. 
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SURVEY  OF  UNITE)  STATES  SONIC  BOCM  OVERFLIGHT 
EXPERIMENTATION 

John  0.  Powers  and  Domenic  J.  Kaglieri 
AGAK>  Conference  Proceedings  No.  42,  Aircraft 
Engine  Noise  and  Sonic  Boom,  Hay  1969,  pp.  iS-1 
thru  15-35 

An  extensive  review  of  sonic  boo©  flight  experi¬ 
ments  and  sonic  boom  theory  is  presented  in  this 
paper.  The  following  topics  are  inclv'od  in  the 
discussion:  (1)  chronological  review  of  flight- 
test  programs;  (2)  signature  characteristics; 

(3)  altitude  effects;  (4)  lateral  spread; 

(5)  wavefront  ground  intersection;  (6)  atmos¬ 
pheric  effects;  (7)  aircraft  maneuvers:  (0)  sta¬ 
tistical  variability  of  peak  overpressures; 

(9)  structural  affects;  (10)  human  response; 

(11)  seismic  effects;  (12)  effects  on  other 
aircraft;  (13)  damage  claims  data;  (14)  St.  Louis 
community  response  study;  (15)  Oklahoma  City 
sonic  boom  program;  (16)  White  Sands  Missile 
Range  sonic  boo©  tests;  (17)  Edwards  Air  Force 
Base  sonic  boon  experiments;  (18)  instrumenta¬ 
tion  techniques;  (19)  the  Hayes-ARAP  computer 
program;  (23)  signature  aging;  and  (21)  maneuver 
calculations. 

It  can  be  seen  fro*  the  list  of  topics  covered 
that  fnis  is  a  very  bread  review. 
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SONIC  BOOM  THEORY 
R.  Seebass 

Journal  of  Aircraft,  Vol.  6,  No.  3,  M*y*\June,  1969, 
pp.  177-184. 

Tnis  paper  presents  a  summary  of  the  state  of 
the  art  of  sonic  boo©  theory  as  of  1969.  A 
concise  mathematical  description  of  sonic  bcna 
generation  theory  and  sonic  boom  propagation 
theory  forms  the  first  half  of  the  paper-  The 
last  half  of  the  paper  discusses  sonic  boom 
ninimisation  theory. 

The  following  topics  are  covered  in  the  dis¬ 
cussion  of  sonic  boo©  generation  and  propagation 
theor-:  (i)  the  contributions  of  aircraft  volume 
and  lift  to  the  area  distribution  of  tie  equiv¬ 
alent  body  of  revolution;  (2)  the  relationship 
between  the  cross-sectional  area  distribution  of 
the  equivalent  body  of  revolution  and  the  pres¬ 
sure  disturbance  due  to  the  body;  (3)  the  re¬ 
lationship  between  the  E-function  and  the 
equivalent  body  area  distribution;  (4)  the 
distortion  of  the  waveshape  due  to  cumulative 
nonlinear  effects;  (S)  the  introduction  of  shock 
waves  to  render  the  solution  single-valued; 

(6)  use  of  principle  of  constant  energy  flux 
along  a  ray  tube  to  compute  overpressure  in  an 
inhomogeneous  atmosphere:  (7)  the  "freesing* 
effect  on  the  pressure  signature  shape  due  to 
the  nearly  exponential  increase  of  density  with 
decreasing  altitude;  (8)  the  effects  on  over¬ 
pressure  of  aircraft  altitude,  wight,  length, 
and  volume;  and  (9)  the  relative  contribution* 
of  lift  ani  'jo  1 -ooe  to  the  overpressure. 
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In  the  discussion  of  sonic  boos  minimization 
theory  the  following  topics  art  included! 

(1)  the  us*  of  engine  stre*»tube  area  reduction  to 
reduce  sonic  boos  (see  capsule  summary  H-34  for  a 
discussrcn  of  this  topic},-  (2)  the  design  of  air¬ 
craft  having  no  shock  waves  in  their  pressure  sig¬ 
nature  (see  capsule  sundry  K-3.T  for  a  discussion 
of  thin  topic)  i  and  (3)  sdnieus  achievable  shock 
pressure  rise  for  a  given  aircraft  length  and 
flight  conditions  (see  capsule  sussWries  3M3, 
M-53,  and  H-61  for  discussion  of  this  topic}. 

This  paper,  along  with  the  sisiiar  paper  by 
Hayes  (see  capsule  summary  5-421  is  on*  of  the 
best  concise  stssaries  of  sonic  boon  theory  chat 
has  Seen  written. 

£-39 

ssr  A.*®  some  bow  hshdbooe 

Killian  A.  Shard  if  f 

Baliantitte  rooks,  Inc., 

Feb.  19'0 

This  paper  contains  infonsatic-e  about  SST's  and 
the  sonic  boom.  Host  of  this  information  was 
taken  free  various  newspaper  and  magazine 
articles.  The  paper  is  highly  biased  against 
SjT*s  and  sonic  faeces  and  contains  many  'on- 
substantiated  opinions. 
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HF.PCRT  03  THE  5CWC  BOOK  PHEHOKRfOS,  THE  RA.35ES  CT 

SOHIC  BOOH  VALUES  LIKELY  TO  BE  P8Q0UCED  3V  FIAKSES 

SST's  AST  THE  EFFECTS  OF  SCtllC  SOCKS  Off  BUKA35. 

PROPERTY,  A3 1  HALS,  A!C  TERRAIN 

Attachment  A  of  ICAO  Document  6894,  SEP/II,  Report 

of  the  Second  Meeting  of  the  Sonic  Socss  Panel . 

Montreal,  Ot  tftber  12  to  21,  1970 

This  report  is  coaposed  of  six  chapters,  each 
dealing  with  a  certain  aspect  of  sonic  boots 
phenomena.  The  present  capsule  summary  sus- 
narizs*  only  tin;  first  chapter,  which  is 
entitles  "Central  Description  of  the  Sonic 
Boot:  Phenomenon.' 

The  topic*  -discussed  in  chapter  1  includes 
til  propagation,-  (2J  the  sonic  boos  waveform; 


CJi  the  sonic  door  carpet;  (4}  effects  of  at- 
sosphsrie  turbulence;  (5)  effects  of  tisa  ground 
environment :  arrf  (6s  calculation  and  measurement 
t-f  individual  sonic  boeas.  The  discussion  of 
each  of  these  topics  is  brief  and  general. 


(4}  effects  of 


SOlilC  BOOH  niS>  THE  SJPKkSW.C  TSAHSFSfiX 
Richard  K.  Rofcerd* 

Air  University  Review,  Vsi,  22.  July-August  IS" 


A  very  general  discussion  of  sonic  fcooa  theory 
is  presented  in  this  paper.  Topics  discussed 
includes  Cii  generation;  (23  atmospheric  effects; 
(3j  aircraft  design;  (4)  human  response; 

CS1  property  damage;  and  (61  cverpreswire  varia- 


50MIC  BOOK 
dilate  D.  Kayes 

In  Annual  Review  of  Fluid  "ochanics,  Vol.  3 
et  ai,  ads.,  1971.  pp,  260-290 


A  summary  of  the  state  of  the  art  cf  sonic  boor 
theory  as  of  1971  is  presented  in  this  paper . 

The  topics  covered  includes  (1)  flow  near  the 
aircraft;  (2)  propagation;  (3}  nonlinear  dis¬ 
tortion;  {4}  calculation  of  sonic  boos  sig¬ 
natures;  (5)  focusing  and  caustics;  {6}  effects 
of  turbulence:  and  (73  optimization  and  reduction 
of  sonic  boos. 

The  discussion  of  the  flow  near  the  aircraft 
includes  linearized  supersonic  aerodynamic 
theory,  the  equations  for  calculating  the 
F-function,  the  equation-  for  calculating  the 
aquivdler.t  area  distribution  cf  the  aircraft,  and 
the  relation  between  drag  and  sonic  boon.  The 
discussion  of  the  propagation  of  sonic  boons  is 
concerned  mainly  vith  geosetricai  acoustics  and 
Blokhintzev  invar  i area  (see  capsule  s-.c-iary  P-9S}. 
The  section  on  nonlinear  distortion  explains  she 
age  variable  and  the  format ion  of  shocks.  Use 
section  on  the  calculation  of  sonic  hoes  sig¬ 
natures  shows  hew  the  calculations  described  in 
the  three  preceding  sections  are  curb  mod,  and 
it  also  discusses  the  'freezing"  effect. 

Included  in  the  discussion  of  problems  involved 
in  calculating  the  pressure  field  in  the  vicinity 
of  a  caustic  is  the  description  of  a  transition 
maneuver  f.r  avoiding  the  superboos  produced  by 
an  aircraft  as  it  accelerates  to  supersonic 
speeds.  The  caustic  beneath  the  aircraft  «s 
kept  up  off  the  ground  at  the  beginning  of  the 
maneuver  by  a  cocbinatior-  of  forward  acceleration 
and  a  old  pullover.  Thz  forward  acceleration 
of  the  aircraft  is  reduced  suddenly  during  the 
maneuver  and  the  aircraft  suddenly  put  into  a 
cild  puliup.  As  a  result  of  this  suneuver,  the 
fecal  point  is  thrown  suddenly  free  a  position 
well  above  the  ground  to  a  position  well  below 
the  ground.  So  superbcczi  ran  be  produced  at 
ground  level  if  the  velocity  of  the  focal  point 
in  the  transition  maneuver  is  made  to  be  greater 
at  ground  level  than  the  speed  of  sound . 

The  discussion  of  the  effects  of  turbulence 
summarizes  the  various  theories  that  attempt  to 
explain  the  "spiking",  “rounding"  and  long  rise 
tines  of  sonic  boon  pressure  signatures. 

Finally,  the  discussion  of  sonic  boos  minimi¬ 
zation  briefly  explains  the  two  possible 
approaches:  (13  accept ing  the  asymptotic  3-vave 
profile  and  air.isizing  the  sheet  strength  with 
given  aircraft  gross  weight;  and  (2)  maximizing 
the  aircraft  gross  weight  under  the  conditions 
that  the  signature  at  the  ground  have-  no  shock 
and  have  no  greater  than  a  giver,  rate  of  pressure 
increase. 

This  paper,  along  with  the  sbsilar  paper  by 
5ec>bass  (see  capsule  susnary  5-35}  is  one  of 
the  boat  concise  stsesanos  of  sonic  been  theory 
that  has  beer,  vi  itten. 

S-43 

CTCb'ELT S  w;  SOKIC  BOIK  RESEARCH 

R.  Seebsss 

3AS A  SP-2S5,  Third  Conference  on  Sonic  boom  Research, 


A  very  brief  discussion  is  presented  jr.  this 
paper  or,  what  the  future  direction  srx!  scope  of 
sonic  boom  research  should  be.  The  c;  gr.i ; i^enc 
points  made  are  as 
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1.  The  nature  of  the  superboon  nust  be 
determined  and  a  method  of  predicting  its 
strength  must  be  derived. 

2.  Threshold  Mach  number  flight  should  be 
investigated  more  thoroughly. 

3.  More  emphasis  should  be  placed  on  the 
sonic  boom  component  of  hypersonic  trans¬ 
port  research. 

4.  Sound  theoretical  ideas  nust  continue  to 
be  tested  in  the  wind  tunnel. 

5.  Field  tests  should  be  limited  to  projects 
with  high  scientific  content. 

6.  Sonic  boom  research  must  continue,  but 
not  at.  the  expense  of  research  that  re¬ 
late1.  directly  to  the  aircraft's  perform¬ 
ance  . 

A  later  report  by  Haglund  and  Kane  (see  capsule 
summaries  P-X62  and  TM-13)  presents  the  results 
of  an  investigation  that  was  in  line  with  the 
first  two  suggestions  of  the  present  paper. 

S-44 

SONIC  BANG  MEASUREMENTS  DURING  EXERCISE  SUMMER  SKY 
D.R.B.  Webb,  P.  L.  Hunt,  R.  J.  Pallant,  S 
W.  L.  Walters 

Ministry  of  Aviation  Supply,  Aeronautical  Research 
Council,  Reports  and  Memoranda  R.  s  M.  No.  3659, 

1971 

Exercise  Summer  Sky  consisted  of  a  series  of 
supersonic  flights  made  by  Lightning  aircraft 
over  three  areas  in  Southern  England  during 
July  1967.  The  purpose  of  these  flights  was 
to  observe  public  reaction  to  sonic  booms. 

Sonic  boon  pressure  signatures  were  measured 
by  the  R.A.E.  at  selected  points  in  each  of  the 
three  areas.  One  of  the  selected  points  in  each 
area  was  in  the  nominal  focus  area  of  the  flight 
paths,  and  for  this  purpose  a  ship  was  used  as 
a  monitoring  station  because  the  flight  paths 
were  arranged  so  that  the  focus  areas  occurred 
at  sea.  In  this  report  the  recorded  waveforms 
are  shown  and  discussed,  together  with  details 
of  the  aircraft  tracks  and  relevant  meteorological 
conditions.  See  capsule  summary  S-46  for  a  brief 
discussion  of  the  public  reaction  to  these  flights. 

S-45 

SONIC  BOOM  GENERATION  PROPAGATION  AND  MINIMIZATION 
Antonio  Ferri  and  Ira  R.  Schwart2 
MAA  Paper  No.  72-194,  AIAA  10th  Aerospace  Sciences 
Meeting,  San  Diego,  California,  Jan.  17-19,  1972 

An  extensive  review  is  presented  in  this  paper 
of  sonic  boom  theory  and  the  supporting  experi¬ 
mental  research.  The  topics  discussed  include: 

(1)  linear  theory  in  local  field  of  aircraft; 

(2)  higher  order  approximations  for  use  in  pre¬ 
dicting  sonic  boom  signatures;  (3)  wind  tunnel 
techniques  and  difficulties;  (4)  atmospheric 
effects;  (5)  ground  reflection  effects;  and 

(6)  sonic  boom  minimization  techniques.  The 
discussion  of  each  of  these  topics  is  concise 
and  qualitative  in  that  the  mathematical  formula¬ 
tions  of  the  various  theories  are  not  presented 
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RECENT  SONIC-BANG  STUDIES  IN  THE  UNITED  KINGDOM 

C.  H.  E.  warren 

The  journal  uf  the  Acoustical  Society  of  America, 

Vol.  51,  No.  2  (Part  3),  February  1972,  Sonic  Boom 

Symposium,  pp.  783-789 

This  paper  summarizes  the  significant  sonic  boom 
studies  made  in  the  United  Kingdom  between  1965 
and  1970.  The  field  experiments,  flight  tests, 
and  laboratory  studies  summarized  include: 

(1)  Exercise  Summer  Sky;  (2)  Exercise  Gambit; 

(3)  sonic  boom  trials  on  Concorde  001  at  Istres; 

(4)  Exercise  Trafalgar;  (5)  Exercise  Babel; 

(6)  Exercise  Under lord;  (7)  experiments  on  green¬ 
houses;  (8)  studies  at  the  National  Physical 
Laboratory;  and  (9)  studies  at  the  Institute  of 
Sound  and  Vibration  Research. 

Exercise  Summer  Sky  was  conducted  in  July  1967. 

It  consisted  of  a  series  of  supersonic  flights 
made  by  Lightning  aircraft  over  three  areas  in 
southern  England.  The  average  boom  intensity 
generated  by  these  flights  over  land  areas  was 
about  1  psf.  The  purpose  of  the  flights  was  to 
observe  public  reaction  to  sonic  booms.  Eleven 
flights  were  made,  resulting  in  about  50  million 
boom-person  exposures.  Approximately  12,000 
complaints  and  788  claims  for  damage  resulted 
from  the  flights.  T';tal  damage  payments  amounted 
to  $9800,  $2600  of  which  was  for  glass  damage, 
$3400  for  damaqe  to  ceilings,  and  $1200  for  damage 
to  roofs  and  chimneys. 

Exercise  Gambit  was  conducted  during  the  summer 
of  1969.  It  was  designed  to  obtain  some  pre¬ 
liminary  information  on  atmospheric  distortion 
effects.  Waveforms  measured  in  a  balloon  flying 
on  the  track  of  the  aircraft  (type  not  mentioned 
in  this  paper)  were  compared  with  those  measured 
on  a  ground  array  at  the  same  time.  Nine  sonic 
booms  were  studied  under  varying  meteorological 
conditions  and  some  structural  studies  on  a  church 
in  the  area  were  also  made.  The  results  of  this 
exercise  are  not  discussed. 

The  Concorde  001  (French-assembled)  made  four 
overpasses  at  a  Mach  number  of  1.3,  two  being  at 
45,000  feet  and  two  at  37,000  feet  at  Centre 
d'Essais  en  Vol  at  Istres,  France  in  December 
19b9.  Pressure  signatures  were  measured  at  ap¬ 
proximately  40  measuring  stations  spread  out 
along  the  flight  track.  It  was  found  that  the 
measured  overpressures  agreed  very  well  with  s 
standard  calculations.  The  calculations  pre¬ 
dicted,  is  was  found  from  the  measurements,  that 
the  waveform  would  not  attain  its  asymptotic 
shape  at  the  ground  for  a  flight  altitude  of 
37,000  feet.  The  calculated  overpressures  were 
usually  within  10%  of  those  measured  and  the 
calculated  signature  intervals  were  within  3% 
of  those  measured.  For  an  illustration  of  the 
measured  waveforms  and  a  summary  of  the  signature 
characteristics  see  capsule  summary  SBA-23. 

All  sonic  boom  studies  made  in  connection  with 
the  flight  trials  of  the  Concorde  002  (British- 
assembled)  were  given  the  code  name  Exercise 
Trafalgar.  These  studies  included  structural 
response,  human  response,  and  animal  response 
studies.  However,  no  results  of  these  studies 
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are  given  in  this  paper. 

Exercise  Babel  was  conducted  *  \ng  1968. 

Simulated  booms  generated  by  losive  line 
charges  were  used  to  test  the  -uctural  response 
of  a  specially  built  test  house.  No  results  of 
this  tost  are  given. 

The  vibrational  response  induced  in  13  British 
cathedrals  by  various  causes,  including  simulated 
sonic  booms  was  investigated  in  Exercise  Under- 
lord.  The  methods  of  inducing  vibration  included 
boll  rinqing,  organ  playing,  road  traffic  and  a 
special  explosive  charge  from  which  it  was 
possible  to  calculate  the  vibrational  response 
that  would  be  induced  by  a  sonic  boom.  It  was 
found  that  the  level  of  response  predicted  for 
vibrations  induced  in  bell  towers  by  sonic  booms 
was  of  the  same  order  of  magnitude  as  that  due 
to  thi  existing  environment.  The  level  of  vibra¬ 
tion  due  to  sonic  booms  (predicted)  was  an  order 
of  magnitude  less  than  the  existing  environment 
for  the  cathedral  walls  and  an  order  of  magnitude 
greater  than  the  existing  environme.it  for  the 
roofs,  vaulting,  and  windows. 

Explosive  } ine  charges  were  used  to  test  the 
effects  of  simulated  sonic  booms  on  greenhouses. 
The  pressure  signature  produced  by  this  simulant 
was  very  close  to  that  of  an  actual  sonic  boom, 
especially  in  its  low  frequency  energy  content. 

The  table  below,  which  was  taken  from  this  paper, 
shews  the  results  of  these  tests.  It  can  be  seen 
that  most  of  the  damage  to  the  greenhouse  windows 
(out  of  a  total  of  35,000)  occurred  following 
events  3  and  4,  even  though  events  8  and  9  w- 
of  much  higher  intensity.  It  was  thought  thi. 
the  first  few  booms  of  the  program  triggered  off 
most  of  the  damage  that  was  on  the  verge  of 
occurring,  and  there  were  fewer  subsequent  damages 
because  these  had  already  failed. 


Event 

No. 

Characteristic  ovcrprcfaure 

N/m*  Ibi/ft* 

Number  at  additional 
damaiea  to  paatt 

i 

86 

1.8 

8 

2 

48 

1.0 

11 

3 

96 

2.0 

80 

4 

62 

1.3 

79 

5 

81 

1.7 

20 

6 

86 

U 

II 

7 

96 

2.0 

<* 

1 

8 

148 

3.1 

15 

9 

200 

4.2 

8 

History  of  damage  to  glass  In  greenhouses 

The  work  of  Johnson  and  Robinson  cn  calculating 
the  loudness  of  sonic  booms  (see  capsule  summary 
HRSC-50)  is  mentioned  in  conjunction  with  the 
discussion  of  work  being  conducted  at  the  National 
Physical  Laboratory.  Brief  mention  is  also  made 
of  various  studies  conducted  at  the  Institute  of 
Sound  and  Vibration  Research  concerning  struc¬ 
tural  response  and  human  response. 

This  paper  is  an  update  of  an  earlier  paper  by 
Warren  (see  capsule  summary  S-23)  in  which  he 
suirmarised  the  flight-test  studies  conducted  in 
the  United  Kingdom  between  1960  and  1965. 
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SONIC  BOOM  EXPOSURE  EFFECTS  1.2s  THE  SONIC  BOOM- 
GENERATION  AND  PROPAGATION 
C.  H.  E.  Warren 

Journal  of  Sound  and  Vibration,  Vol.  20,  No.  4, 

1972,  pp.  485-497 

A  fairly  expensive  discussion  of  sonic  boom 
generation  and  propagation  theory  is  presented 
in  this  paper.  The  first  portion  of  the  paper 
consists  of  a  general  discussion  of  tha  physical 
aspects  of  the  generation  and  propagation  of 
sonic  booms,  including  focusing,  ground  reflection 
effects,  and  typical  sonic  boom  characteristics. 
The  second  portion  of  the  paper  presents  the 
mathematical  formulation  of  sonic  boom  generation 
and  propagation  theory.  Included  in  this  for¬ 
mulation  aret  (1)  the  relationship  between  the 
r-i.—tion  and  the  aircraft’s  distribution  of 
cross-secuional  area  and  lift;  (2)  the  relation¬ 
ship  between  .the  overpressure  and  the  F-function; 
(3)  geometric  acoustics;  (4)  waveform  aging; 

(5)  appearance  of  shocks;  (6)  waveform  freezing; 

(7)  effects  of  focusing;  (8)  waveform  distortion 
by  turbulence;  (9)  and  an  approximation  ap¬ 
propriate  to  steady  level  flight  in  an  isothermal 
atmosphere.  All  of  these  topics,  except  (6),  (7), 
and  (8)  are  discussed  in  some  mathematical  depth. 

This  is  an  excellent  review  of  sonic  boom  genera¬ 
tion  and  propagation  theory.  Similar  earlier 
reviews  were  presented  by  Seebass  and  Hayes  (see 
capsule  summaries  S-38  and  S-42,  respectively) . 
However,  minimization  theory  was  also  discussed 
in  those  two  papers,  but  not  in  the  present  paper. 
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